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% HIS 


ROYAL HIGHNESS, 


* 8 15 D * N 1 85 
"Prince f WALES, . 


O Io FIR Ws of GOD, to dilcover 
Cauſes from their Effects, and Makr Art and 
Nature ſubſervient to the Neceſſities of Life by a 
Sill in joining proper Cauſes to produce the moſt uſeful 
Effects, is the Bulineſs of a Science, the Grounds and 
Principles of which I have the Honour to lay at Your 
Rovar Hictness's Feet” 4h 

I have preſum'd to do this, Philoſophy in all Apes 
having been thought worthy the Conſideration of Princes; 
for the greateſt and beft, who have been handed 
down to us by Hiſtorians, a the moſt amiable and 
glorious Characters, have diſtinguiſh d themſelves by their 
Attainments in it, and their Encouragement of all En- 
deavours to advance and improve it. 7 

Amongſt theſe I may juſtly reckon his late Ma JESTY,, 


who was, and his preſent MajzsTY, who is, the Patron 


of a Society, erected for the Advancement of Natural 
Knowledge, of which one of their Royal Predeceſſors | 
was the F ounder. 
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AHDEDICATION. 
Lou known Candor (Gazar 818) will, I hope, excuſe | 
my plain Manner of treating this Subject: Tho' I take 


ho Liberty to aſſure your Roy an Hicuness, that I have 
ſpared no Pains, that the Work might not be wholly un- 


worthy of Your Patronage. 


It preſumes the more upon Your Countenance Be. 
Protection, as it is an Account. of ' thoſe Experiments,, 
which I had the Honour to make fome Years ago at 
Hampton-Court, before his late MajzsTy, by his par- 
ticular Command; and as their preſent MajzsT1Es, Who 
likewiſe honour'd thoſe Experiments with their Preſence, 


have alſo given me Leave to ſet. their N ames at the Head 
of my Subſcribers. 


Were I equal to the Deſcription of thoſe * 0 
Qualities, which make You the preſent Delight, and fu- 
rure Hope of Britain ; yet I ſhould be guilty 5 the high- 


eſt Indiſcretion to attempt it in an Addreſs to Yourſelf; 


ſince none are more offended with. Praiſe than thoſe who 


moſt deſerve it. I ſhall therefore no longer detain Your 
- Royar. HIchRNxESss, than whilſt I beg Leave to ſubſcribe- 


myſelf, with the greateſt Reſpect, 


FIR, 85 
Your moſt homie. 
_ moſt obedient, 
and 251 —_ Servant, 


q ED J. T. DESAGULIERS. 
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N L the Knowledge we have of Nature depends upon F at; 


for without Obſervations, and Experiments, our natural' 


Philoſe phy would only be a Science of Terms and an unin- 
telligible Jargon. But then doe muſt call in Geometry and Arith- 
metick to our Aſfiftance, unle eſs we are willing to content ourſelves 
with natural Hiſtory and conjectural Philoſophy. For, as many 


Cauſes concur in the Production of compound Effects, we are liable 


to miſtake the predominant Cauſe, unleſs we can meaſure the Quantity 
of the Effetts produc'd, compare them with, and diſtinguiſh them 
from each other; to find out the adequate Canſe of each ſin gle Effect, 
and what” muſt be the Refult of their joint Action. When Mon. 


Des Cartes's philoſophical Romance, by the Elegance of its Style 


and the plauſible Accounts of natural Phænomena, had overthrown 
the Ariſtotelian Phyfcks, the M. orld receiv'd but little Advantage by 
the Change: For, inſtead of a few Pedants, who, moſt of them, 


being conſcious of their Ignorance, conceal'd it with hard Words and 


pompous Terms; a new Set of Philoſsphers ftarted up, whoſe lazy 


 Diſpofition eafily fell in with a Philoſophy, that required no Mathe- 


maticks to underſtand it; and who taking a few Principles for granted, 


without examining their Reality or Conſiſtence with each other, fancied 


bey could ſolve all Appearances mechanically by Matter and Motion; 
and, in their ſmattering Way, pretended to demonſtrate ſuch things, 


as perhaps Carteſius himſelf never believ'd ; his Philoſophy (if he 


had 
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| that we owe the routing of this Army of Goths and Vandals in the 


Philgſophical World; which he has enrich d with more and greater 
Diſcoveries, than all the Phil:ſophers that went before him: And 
has laid fuch Foundations for future Acquiſitions ; that even after his 
Death, his Works till promote natural Knowledge.” Before Sir 
Iſaac, we had but wild Gueſſes at the Cauſe of the Motion of the 


Comets and Planets round the Sun; but now he has clearly deduc 4 


them from the untverſal Laws of Attraction (the Exiſtence of which 
he has prov'd beyond Contradiction and has ſhewn, that the ſeeming 
Irregularities F the Moon, which Aſtronomers. were unable ro ex- 


8 profi in Numbers, are but the juſt Conſequences of the Actions of the 


Stun and Earth upon it, according to their dt ferent Poſitions. . His 
Principles clear up all Difficulties of the various Phenomena of tbe 
Tides; and the true Figure of the Earth is now plainly ſhewn. to be ; 
a flatted Spheroid higher at the Fquator than the Poles, notwith- 


landing many Afſertations and Conjectures to, the contrary. Our 


incomparable Philoſopher has diſcovered and demonſtrated to us the 
true Nature of Light and Colours, of. which the moſt ſagacious and 
inquiſitive Naturaliſis were entirely ignorant ; for "while they ſought 


for the Origin of Colours in the Mixture of Light and Shadow, Sir 
Iſaac Newton found that they were congenial with the Rays of the 


Sun, and contain d in Light itſelf; the Surface of colour'd Bodies 
| ferving only to ſeparate from one another thoſe Rays, that make di if- 
ferent Colours; by abſorbing ſome, and refletting others to our Eyes, 


fo as to produce thoſe different Senſations, on which the pleafing 


Variety of colour'd Objects depends. His Optics, befides the Pro- 
AS of Light, contain 4 vaſt Fund of Philoſophy ; which 
{tha' he has modeſtly delivered under the Name of Queries, as if 
hey. Were only Conjectures daily Experiments and Obſervations con- 


firm; 


1 R 1 1 & K. 


um; 4 vb Toſtionrd of which" my” hen in che Ned. Dy. 
Stephen Hales's excellent Book of Vegetable Statieks, ,t, by 


putting ſeveral of Sir Iſaac's Queries out of all Doubt, fhew bow 
well they were founded.  T paſs over Sir Tai | Newton's noble In- 
ventiont in pure Mathematicks, juſtly ly admired" al home and abroad; 
becanſe, th they have been of great Uſe in the 7 co very of the 
Cauſes of natural Phanomena, they are foreign to my preſent Sub- 


felt, which is Phyſicks ; ; hoſe Knowledge I am in this Courſe en- 


deuvouring to convey by Experiments ;- not only where Things habe 
been di iſeover d that ways. but. even awhere- they have been deduc'd_ 
by a long Train of mathematical Conſequences ; having contrived Ex- | 


eee 5 which Oy ” 7 gc, us Fo. . Cora C nc 


27 he. Tage gf FEM big d. to: nicht} Alcthematiche er . 


frigdtac) a great. many from the Newtonian Philoſophy': Ihave heard 


ſeveral Carteſians ſay, that if the Knowledge of Geometry was neceſſary - 
for their Conviction, . they. bad rather continue.” in their exon Way. of 


Philoſophy than to be at ſo 'much Trouble; as if à Man could deſerve 
the Name: of a Philoſopher, merely becauſe lie reaſons juſtly from Prin- 


ciples when thoſe Principles are either apparently falſe, precarious, or 
aſſum d at pleaſure to ſerue the preſent Purpoſe. It is not he, that can 
ſhew from an Hypotheſis how the Celeſtial Motions might. be per- 


formed; but he, that demonſtrates - their real Cauſes, be gives a 


* 


proper Account of the Syſtem of the World + And it ir the fame of 


other Phænomena; for unleſs. we, can demonſir 
it is better to own our Ignorance, than to endeavour to paſs aur Con- 
Jectures upon the World for Solutions. F ever we come to know. the 


Cauſes of the various. Operations: of Magnetiſm ;: it will ſooner: be 
owing to.a Comparyſon of the Experiments and Obſervations of Nor- 


man, Pound, Lord Paiſley, Graham, Muſchenbroek, Savery, 


Marcel, and others (who acknowledge themſelves ignorant of the 
Cauſes of thoſe Surprizing Effects} than to twenty H ypotheſes of 


Men, whoſe warm Imaginations fipply them with what may ſupport 
5 | — | | the ir 


e That we explain, 


, . * RK * 


can 2 0 eule them. 1417 


| 'B ut to return, 4e ith 8 Philos ky, 7 0 its « Truth i is. 
— ſupported by Mathematicks, yet its Phyfical Diſcoveries may be com- 
municated without. The great Mr. Locke was the firſt who became 
a Newtonian Philoſopher without the help of Geometry; for ha- 
ing aſked Mr. Huygens, avhether all the. mathematical Propoſitions 
in Sir Iſaac's Principia vere true, and being told he might depend 
upon their Certainty z, he took them for granted, and carefully ex- 
amined the Reaſonings. and Corollaries drawn from them, became 
Maſter of all the Phyfics,. and was fully convinc d of | the great Difſ- 
coveries contain d in that Book: Thus alſo he read the Optics with 
Pleaſure, arquainting himſelf with every thing in them that was not 
merely mathematical x. But fince | Machines have been contriv'd to 
explain and prove experimentally. what Sir Iſaac Newton has demon- 
rated mathematically, and ſeveral of his own Experiments are 
ſpeton in publick Courſes ; a great many Perſons get à confderable 
Knowledge of Natural Philoſophy y May of «Amuſement ; and ſome 
are ſo well pleas d with what they learn that way, at to be induc'd 
to fludy  Mathematicks, by which they at laſt become eminent Philo- 
 Pphers. Dr. John Keill was the firſt who publickly:taught Natu- 
ral Philoſophy &y Experiments in 4 mathematical Manner; for he 
bad laid down very fimple Propoſitions, which he provid by Ex- 
periments, and from thoſe he deduc'd others more compound, which 
be ſtill confirmed by Experiments; till be had inſtructed his Auditors 
in the Laws of Motion, the Principles of Hydroftaticks and Op- 
ticks, and ſome of the chief Propoſitions of Sir Iſaac Newton con- 
cerning Light and Colours. He began theſe Courſes in Oxford, 
| about the Year 1704.or 1705, and that Way introduc'd the Love of 
th Newtonian Cami a6: (2 There Were naced, "— the you | 


| 2 S T*. I was told rens times whe Sir Tan Newton himſelf . 


limo, 


time, „ Expeiiments Sas Fa W i the date, Mr. Hauksbee» ; 


4 which, Were electrical, hydroſtatical, and pneumatical : But as they 


were on. {pen and explain'd as ſo many curious Phznomena, and 
not made Uſe 5 as. Mediums t prove à Series of phil ofophical Pro- ; 


poſitions in à mathematical Order, they laid no ſuch Foundation for 


true Phuloſo phy as Dr. Keill's Experiments; th perhaps perform d 


more dexterouſly and with a finer Apparatus: They were Courſes of 
panes and his a ee of r r 


. 12 Dr: Keill 10 * Univerſity, I began & "2a Experi- | 


mental Philoſophy, .4/ter the ſame Method that he had done, adding 
the Mechanicks Aridi ſo call'd, that is, the Explanation F me- 
chanical Organs, and the Reaſon of” their Effects and ſeveral Op- 
tical Propoſitions in ny Courſes of Experimental Philoſophy ; 
which ever. fince that time I have endeavour'd to improve, by the Ad- 
dition of new Propoſitions and Experiments, and by altering and 
changing my Machines, as I found Things might be made more intel- 
ligible to ſuch of my Auditors as were not acquainted with Mathema- 
ticks, or mort ſatisfafory to ſuch as were z eſpecially in what regards 
the Cauſes. of the Motions of the heavenly Bodies, and the Phæno- 
mena of our Syſtem. About the Year 1713, 1 came to ſettle af 
London, where I have with great Pleaſure ſeen the Newtonian Phi- 
loſophy ſo generally received among Perſons of all Ranks and Pro- 


Mons, and even the Ladies, by the Help of Bxperiments ; that tho 


ſeveral ingenious Men have ſince that Time with great Succeſs taught 


{and do till teach) Experimental Philoſophy in my {or rather Dr. 
Keill's } manner, I have had as many Courſes as I could poſſibly - 


altend; the preſent Courſe, which I am now-engag'd in, being the 
121% ſince I began af Hart-Hall in Oxford, in the Year 1710. 
The Satisfaction we eme yy by being any way inſtrumental to the im- 
provement of others, is fo great, that I can't help boaſting — that 
of eleven or twekve Perſons,” who perform Experimental Courſes af 


This Tame in England, and other Ta of the "OT I have had the 
Honour 


Vor, I. a 


4 FS SY 7 Eight of 1 i HE whoſe PRA 


 Diſtdverice become an Advantage to myſelf; for what would raiſe 


Envy i in any other Profeſſion, but that of a Philoſopher, is receiy'd 
as tt now Acquifition by all Lovers of Natural Knowledge, the Pro- 
fit being fhar d in common, wobl the Rs et ah has only the Honour 
Y the Invention. | 


— 


For this Reaſon, Tue ver ferudl e uſe of Machines 0 "SY 


ſtruments contriv'd by others ; nor was I ever ſhy of communicating, 
or even lending, my own, to thoſe, who wanted to imitate theme it 


is enowgh to acknowledge the Author heel any new Contrivance, which: 
1 xn had do. 


As the greateſt Pare of my Auditors, af whoſe Dole 1 ts 
printed this Courſe, are but little verfd in Mathematical Scien- 
ces; the Lectures are free from difjicult geometrical Demonſtrations: 
and algebraical Calculations ; and the ſame thing is often prov'd by 
ſeveral Experiments ; that where one does not immediately rige with. 
a clear Convittion, another may. I only require Attention and common. 
Senſe, with a very little Arithmetick, in my Readers, to qualify: 
them for underſtanding theſe Lectures; provided they begin the firſt 
Lecture, and go on regularly, that they may advance from the eaſieſt. 
Truths to thoſe mare complex ones, which are deduc'd from them : for 
otherwiſe many things may ſeem difficult to a Perſon, who ſhould open 


_ the Book at random ; efpecially great Part of thelaft Lecture of this: 


Volume, which yet may be clearly underſtood by all, who have made 
themſelves Maſters of what goes before: Perhaps the Mathematicians: 
may thmk me tedious and verboſe in my Lectures; but ſuch of them as have 
been uſed to teach, know very well, that one cannot be too plain and ex- 


plicit with thoſe that are not born with a Genius for Mathematicks 


{whatever good Underſtanding they are otherwiſe endb d with) nay; 
ſometimes'one muſt make uſe of ſuch ways of demonſtrating as are not ma- 
thematically true, to prepare them for what ts alittle more abftratt ; as F 


Save geen often forc'd to do to a large Audience, where cloſe Attention 
ts not very common. But I bope the rigid Philoſophers will forgive 
me, "ohen they find the ſame Things geometrically demonſtrated in the 
Annotations ; in the peruſal of which, the Mathematicians perhaps will 


not think their Time wholly loſt. However I don't mean to exclude 


common Readers from the Notes; for thoſe that have carefully read | 


and underſtood the Lectures, will . be qualified for comprebend- 
ing what is in the Annotations. 


To prevent the Publick from being inpord upon, I muſt not omit” 
mentioning, that ſeveral Years ago, ſome Perſons publiſhed a Book of 


Experimental Philoſophy i my Name, without my Knowledge, 
which they endeavour d to paſs upon the World for my Lectures. If 
is a thin Quarto, and was at that Time call'd, A Syſtem of Natural 
Philoſophy : And as thoſe, who were capable of ſuch a Thing, may, 
very probably, if they have any of the Books left, endeavour to ſell 
them by giving them the ſame Title as my Book, I thought proper to 
give this Caution. But while I am complaining of others, I might” 


be thought to aſcribe to. myſelf what is not my own, if I did not ac- a 


knowledge, that moſt of ht. have ſaid of the Bow and Spring in 
the laſt Lecture of this Volume, as alſo Part of what I have ſaid of 


the Fly and the Battering Ram, was copied from HR Papers lent me 
by William Jones, E/g. 
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H E 8 pirit 4 Diſputing, and an apy Defire to obtain 
- the Vieory, rather than come-at the Truth, has been 
one of the, greateſt Impediments to the Improvement 

of natural Knowledge. And nothing occaſions. more 
3 — — than when different Perſons annex different Ideas. to 
the ame Words; for Men can never rightly. underſtand - one 
another; till they mean the ſame Things by the ſame Expreſſions. 
No Diſputes ariſe in pure Mathematics, becauſe the Definitions of 
the Terms are premiſed and every body that reads a Propoſition 
has the ſame Idea of every Part of it: So that when any Man is ſo 
weak as to, think to bring one Pemonſtration i in oppoſition to an- 


other, he is to be diſtegarded by every "Og that would reaſon like a 
| B 


Vor. I. Philo- 
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Lect. I. Philoſopher: For we may immediately put an end to all Ma- 


has not ſtuck to his Definitions, or has not laid down true Pre- 


anſwered, that then they meant not the ſame Things as we do. 
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thematical Controverſies, by ſhewing, either that our Adverſary 


miſes, or elſe that he has drawn falſe Concluſions from the Prin- 
ciples he has laid down; or at leaſt own, that we do not under- 
| ſtand ſome part of his Demonſtration, and deſire him to explain: 
it: for unleſs we can ſhew where the Error or Paralogiſm is, we 
muſt not condemn by the Lump, but acquieſce with him in what 
he hasfproved. '. _ * : * . 
Ir is true, that in mixed Mathematics, where we reaſon ma- 
thematically upon Phyſical Subjects, we cannot give ſuch juſt De- 
finitions as the Geometricians or Logicians do: We mult be con- 
tent with Deſcriptions, and they will be of the ſame Uſe as De- 
finitions, provided we are always conſiſtent with ourſelves, and 
always mean the fame Things by thoſe Terms, that we have once 
explained: For to ſay, that others have taken the Words we uſe 
in a different Senſe, can be no valid Objection; becauſe it may lie 


Therefore in this Courſe, when we make uſe of ſuch Words, as 
have been variouſly underſtood, we ſhall ſhew the particular. 
Meaning, in Which we would have them taken: And when we 
are obliged to coin new Terms, as it will often happen in the De- 
ſcription of Machines, we ſhall always explain them the firſt Time 
JJ eo ee BC | 


I. BY the Word Matter, we underſtand all that has Extenſion 
and Reſiſtance : And becauſe all Bodies, whether ſolid or fluid, 
are extended and do reſiſt, therefore we ſay, that all. Bodies are 
made of Matter... ee e e Wo 

2. Tye Cartefans would have Matter to conſiſt im Extenſion. 
alone; but Extenſion without Reſiſtance is nothing but mere 
Space. For though they affirm that one cannot have an Idea of 
Extenſion without Body; it is contrary to Experience: Since if 
we take a Cube out of a cubie Box, which it exactly filled, we 
may very eaſily conceive the Length, Breadth, and Depth of the 
empty Box; and it muſt be a ſecond Idea, that will give us a 
Notion either of ſome other Body coming in to fill the Box, or. 
of its Sides coming together by the Preſſure of ambient Bodies. 


" 
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3. THAT Matter is the ſame in all Bodies, is evident from Le&. I. 

its Definition; though the common Acceptation of the Word 

would give us another Notion; for in our common Diſcourſe we 

ſay, an | Inſtrument , Wood, Braſs, or Iron, or of any other 

Matter, as if the Difference of Bodies conſiſted in their different 

Kind of Matter: Whereas all Matter is +omegeneous, or of the 

ſame Nature in all Bodies, whether ſolid or fluid, hard or ſoft, 

more or leſs heavy; whether they belong to the Earth, or any 

other Part of the Univerſe: as for Example, the Matter of Cork 

does not eſſentially differ from the Matter of Fleſh, or that of 

Gold or Diamonds. But the whole Variety of Bodies *, and the * Ann. 1. 

different Changes that happen in them, entirely depend upon the 

Situation, Diſtance, Magnitude, Figure, Structure, Powers, and 

Coheſion of the Parts that compound them. 


4. Trar Mercury reſiſts more than Water *, and Water more Ann. 2, 
than Air, is not owing; to the one being of a more reſiſting Mat- 

ter than the other; but to the greater Number of Particles con- 

tained, in the ſame Space in the heavier Body; and often to the 
ſtronger Coheſion of Parts: and then a lighter may reſiſt more 

than a heavier Body, to a Force impreſs'd to ſeparate its Parts; 

as Wood will reſiſt more than Water, and a Diamond more than 
Gold. But where there is little or no Coheſion of Parts, even in 
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Top, a Bottom, and a- Middle, unleſs we ſuppoſe the Top and 


of two Inches into eight cubic Spaces of an Inch) ithoſe new Cubes 


Parts from each other, it is not poſſible beyond a certain Degree; 


hard and firm, that they can never be worn away or diminiſhed: 


could be broken, worn away or diminiſbed, then the Nature of 
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F. Tu + Quantity, and conſequently Matter, is diviſible in 
Infinitum *, has been ſeveral. Ways demonſtrated by Mathemati- 
cians ; and one cannot conceive a Particle of Matter ever ſo ſmall, 
but what is ſtill diviſible; for ſince it is a Body, it muſt have a 


Bottom to be the ſame, which is abſurd: and if ſo, we may con- 
ceive ſuch a ſmall Particle to be divided in the Middle. But then 
we are not by ſuch a Diviſion to imagine the Parts to be ſeparated 
from each other, any more than (when we divide a cubic Space 


are to be ſuppoſed removed from each other, or taken out of the 
two Inch Cube which contains them. CCC 


6. As to the actual Diviſion of Matter * by ſeparating the 


becauſe there are Atoms, or extremely ſmall Parts, which are 
called the conſtituent or component Parts of natural Bodies, 
which the Wiſe and Almighty Author of Nature did at firſt create 
as the original Particles of Matter, from which all corporeal Na- 
tures were to ariſe, that are without Pores, ſolid, firm, and im 
penetrable, perfectly paſſive, and moveable: So that the utmoſt 
Mechanical Diviſion that we can arrive at, does only ſeparate 
ſome of theſe firſt Parts from one another, and alter their Con- 
tact; for mixed and compounded Bodies are deſtroyed by ſuch a 
Separation, and not by breaking the original Particles to ere 
Theſe primary Particles being perfectly ſolid, muſt be much more 
hard and firm than any Bodies that can be made out of them 
with Pores or hidden Vacuities interſperſed; that is, ſo perfectly 


For it is not reaſonable to ſuppoſe that there ſnould be any Force 
or Power in the ordinary Courſe of Nature, that can divide that 
into ſeveral Parts, which God in his firſt Creation of Things has 
made One. As long therefore as the original Particles remain 
entire, there may for ever be Bodies made or compoſed of them, 
which ſhall have the ſame Nature and Texture: But if rh 


corporeal Things, which is dependent on theſe, might be chan- 

ged. Earth and Water compoſed of either ſuch Particles as have 

been worn or broken, or of their Fragments, could not have, 
„ | p47 | _ 
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at this „ Dip the fam | Natitfe and Texture, as int original Earth Lect I. 
and Water, which” was compoſed of theſe Particles when they 
were ſound and entire. Wherefore that the Nature of Things 5 
ſhould laſt, and their natural Courſe continue the ſame; all the 
Changes made in Bodies muſt ariſe only from the various Separa- 

tions, new CbnjancHons'* and Motions of theſe See! Particles. 


n ts © 110 1 2 


. Tax s# muſt be anag med er an Uns slv smallneſbe; '* Ann. 6. 
but by the Union of ſeveral of them together, there are made 
bigger Lumps or Parts of the firſt Compoſition (as they are 
called) whic * have Interſtices between them, becauſe the firſt 
Particles do not touch in every Part of their Surface; and thoſe 
Interſtices are called the Pores of the firſt Compoſition. Like- 
wiſe by the uniting of ſeveral of theſe Lumps there are formed. 
Molecule, or Lumps of the - ſecond Compoltt ition, which have : 
Pores of the ſecond ' Compoſition, larger than the former: And 

ſo on to the ſeveral Compoſitions before we come to Bodiey/of a 8 
ſenfible Magnitude. -/ Hence it follows; that there muſt be à grea 
deal of Vacuity * interſperſed in all Bodies, according as they we Ann. 7. 
made up of fewer or more Compoſitions; and all Spaces are not 


equally — Matter“ 47 "PR will be mg age 8 _— Ex- * Ann. 8: 
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"Ex PER 1 MENT Tz Plate 15 * ra Tie 4 2570 
4510 1152 10 No R 18 4 
8. Une B the! Braſs Plate of the Air-Purap (nkictins tha 
hereafter deſcribe) ſet a tall Cylindric'Glaſs-receiver' A B open at 
both Ends of about five Inches Diameter, and. ſeven or eight Foot 
high. Let it be made Air-tight by means of a wet Leather upon. 
the. Plate B, and another 825 the Mouth of the Receiver A un- 
der the Covering Plate D, to which Plate underneath is ſerewed 
the Machine . þ 5 contrived” for letting fall Bodies 1 Facus 
at the ſame Inſtant of Time. For when the Wire W (Which 
flips to and fro through the Collar of oiled Leathers: c, that 
the Air may no way eſcape) is drawn up by its Hook 5, the 
ſquare horizontal Plate p being brought up to à narrow Part 
of the Braſs Springs , 5, cauſ s them to open ſo as to let the 
Plate P (moving on an Hinge) fall into a vertical Poſition; upon 
which o Bodies n were e on it 8 at the fame Mo- 
ment. 0 r eee HS e ee oy x on 
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Ann. 9. 


2 Guinea juſt by the Side of it (See Fig. a. where the Plate P 
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Times faſter than it did in the common Air. For whatever fine 


that Force, which Bodies have when they are carried towards. each: 


drawn out of it (though then there was much more Vacuum“ 
than Matter) yet it is evident; that there muſt be a great deal of 


taken out, becauſe the Reſiſtance is diminiſhed. For to ſay that 


to ont. | % | 


1 
% . 


n 
1 6 6 * 
* i * 


3 


rmental Philoſophy. . 
Tux upon the- ſquare Plate Play en Down, Feather, and IM 


is in an horizontal Situation, as it reſts on the Return of one 
of the Springs , and the Collar c is ſeparated from the co- 
vering Plate and Springs, through both Which it muſt be ſcrewed, 
when on the Receiver) and having exhauſted the Air from the 
Receiver; by pulling up the Wire W, let the Guinea and Fea- 
ther drop, which falling both with the ſame Velocity (as at ) 
will come to the Bottom at the ſame Time: But if the Air 
had not been exhauſted, the Guinea would have been at Bottom 
before the Feather had fallen a quarter of the Height of the Re- 
%%% ͤͤ d n hea co lie 


1 1 


9. Ir the Receiver had been rfectly full before the Air was 


Vacuity in it after the Air is pumped out; becauſe the Re- 
ſiſtance is ſo far diminiſhed,. that the Feather falls at leaſt four 


Air was left in the Receiver; whatever Particles of Light, or 
whatever ſubtile Effluvia penetrate the Glaſs, and get into the 
Receiver; all that Matter is much leſs in Quantity than the Air 


after Exhauſtion the Receiver is as full as before, would be as 
abſurd, as to ſay, that a Gallon of Beer turned into Froth (ſo as 
to reach from the Bottom to the Top of the Receiver) fills it as 
full as eight Gallons of Beer without Froth, which it is capable 
10. GRA IT may be looked upon as a Property of Matter, 
which though not eſſential, is yet univerſal, and in one Senſe in- 
ſeparable from it; that is, all Parcels of Matter, however modi- 
fied, (or all Bodies) have a Gravitation or Attraction towards 
one another; as will be hereafter demonſtrated in reſpect of hea- 
venly as well as terreſtrial Bodies: The Tendency of heavy Bo- 
dies towards the Center of the Earth, being owing to the ſame 
Cauſe, that makes the Sun and Planets tend towards one another. 
N. B. When we uſe the Words Gravity, Gravitation, or Attraction; 
we have a Regard not to the Cauſe, but to the Effet ; namely to 
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ſubtile Fluid, or by any unknown and unmechanical Power concomi- 
tout wo-abfiidarerrmons fide mov oh NT fo. ene 17-7 
-: 20, cre node ub ed dion aus anict3 55 Fat , 

11. Ir all the Matter in the Univerſe was contained in two 
equal Balls or Spheres, placed at ſome Diſtance from each other; 
theſe Spheres would move towards one another with equal Velo- 
city, iſo. as to meet: ãn the middle of their firſt Diſtance. But if 


would be bigger than the other.. 


infinitely more Matter than thoſe Bodies, attracts them ſo ſtrongly 


So it happens in reſpect of a Load-ſtone and a Piece of Iron; 
which when let fall at a little Diſtance from one another, do not 


ſenſible when brought near together. 8 
Tuis will be. illuſtrated: by the following Experiment. 


Ex ERINM ENT II. Plate 1. Fig. 3 


the two Balls would come to each other and meet at C; but 
Gravity, or the Attraction of the Earth, preſſing them againſt 
the Table, they remain at> reſt: but to overcome that Preſ- 
ſure, and make them act as if the Earth was away, let a 
String of abot 30 Inches long be tied to the Ball A, then 


round the Pulley under the Table, and ſo up again through 
the Hole C, and at laſt faſtened to the Ball B. Let the Weight 


the Spheres be ſuppoſed unequal in any Proportion; they would 
meet in a Point as much nearer the great Ball, as the great Ball. 


132. Tur Reaſon why we do not perceive this mutual Attrac- 
tion in ſuch Bodies, as we daily handle, is, that our Earth having 


as to make their mutual Tendency towards each other inſenſible. 


appear to move towards each. other; though we find their Effect 


; h | | | + . a 
_Uyon. the Table TAB. ſet the two Balls A, B, equal 
in Bigneſs and Weight, (for Example, of two Ounces each) at 
the Diſtance of a Foot from the Hole C, and two Foot from 
each other. Now if the Earth was annihilated, or was re- 
moved to an infinite Diſtance, and the Table did not attract, 


brought through the ſmooth Hole in the Table C, then 


P of four Ounces hang from the Center of the Pulley D: 
Then if you let go both the Balls at the ſame Time, ey ; 
8 b will 


7 


al ber, which {at equal diſtances ) is always proportionable to their Lect. I. 
Quantity of Matter; whether it be occaſioned by the Impulſion of any. 
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1: 1. will come to oy other equally faſt, a ng 8 ju over" the 
Oy bs & 7 7 | 4 ys VI are 
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117 — "wry as the "Ball A, you 8 ig eh 
3 but one Ounce (whether it be leſs than the other, or as 
big, but hollow, or of light Wood) and this Ball A be let go 
from the Diſtance of one Foot, and the heavier Ball B from the 
Diſtance of fix Inches from the Hole 2 three Ounces at 
the Pulley) they will both meet agai Hole, the lighter 
Ball going wo twice che Space-cha theagther docs. e 

„ Ines i At Hain ini it x: l 

14. IN the firſt Caſe, the Quantity Matter i in the two Balls, 

which is four Ounces, being conſidered as divided into two, cauſes 

a two Ounce Ball on each Side to move towards the Hole, 

which Fay iy wiſhes e e dace in 1 _ 
ins | of al coping Wl; agg 1995 ©! 

: 4&6 21620 At nods: 

„ Ur the! PAYS d Caſe, the nde of Matter which is 0 
ae being divided into two, does on one Side cauſe a Ball of 
two Ounces to move towards C, and on the other a Ball of one 
Ounce to move towards the other; which laſt moves twice as 
fall, . it has but half the Quantity of Matter, weighing 
| ut half. 

Ann. 10. N. B. Any Weight may Bang to the Bully *, provided it be not 
too light ; becauſe it only ſerves to overcomt that Gravity which preſ- 
ing the Balls againſt the Table, hinders them from moving towards 
each other ; as they would do, US 166 Berth d 8 \ ies or Was re- 
moved. fo on . Dzaume. 9631 een e & 20; $ Mes 081 
4 1 37 14 Wes Et 
16. 1r the Ball Bbe ſuppoſed infinitely: greater than the Ball ye 
the Velocity of the Ball A will then become infinitely greater 
than that of the Ball B, ſo that B will ſtand ſtill, woes A move 
through the whole Diſtance between A and B; the whole Quantit 
of Matter belonging to both, being now-wholly attributed to 
alone, and A looked upon as a Point without any ſenſible Quan- 
tity of Matter, and conſequently unable to move — Ball B by 
its Attraction. This is applicable to the Earth and all che Bo- 
dies about it, which in reſpect of them is looked upon as im- 
moveable; whilſt they, as ſo many phyſical Points, move in the 
Lines deſcribed by: their Centers of Gravity, as they _ to = 
roun 
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Ground, without having any Regard to the Quantity of Mat- 
ter, which they contain, whereby they attract the Earth towards 
them. Thus alſo ſince the Sun contains almoſt 230000 Times 
more Matter than the Earth, this laſt is looked upon as a Point 
deſcribing an Ellipſis about the Sun, called the Magnus Orbis, 
whilſt the Sun, that attracts the Earth, is conſidered as immove- 
able in one of the Foci of that Ellipſis: Or rather the Moon and 


Earth together may be conſidered as reduced to one Point, which 


is their common Center of Gr avity, and which deſcribes the Or- 
bit above mentioned. GE 


17. Tas Earth in 3 of the Bodies aur it, alt the Sun 
in reſpect of the Planets and Comets, and all the Planets in re- 
ſpect to the Satellites and other circumambient Bodies, do exert 


a greater or leſſer Force of Attraction, according as the Bodies 


are nearer or farther off; for Gravity, * being a Virtue diffuſed 
from an attracting Body every Way in right Lines, decreaſes 
in the ſame Manner as all other Virtues propagated from a Cen- 
ter round about. So Light and Heat become weaker, as we re- 
cede from the lucid or hot Body. This Decreaſe of Virtue is 
in a reciprocal duplicate Proportion of the Diſtance ; that is, at 
twice the Diſtance, - the Virtue is four times weaker, and at three 


times the Diſtance, nine times weaker, &c. Thus for Example, 


if the Earth was three times farther from the Sun, it would be 
nine times: leſs attracted, nine times leſs enlightned, and nine 


times leſs heated than it is at preſent : In like manner, if it was 
four times farther, it would be fixteen times leſs affected by thoſe, 


Qualities. So on the contrary, if it was three or four times 


nearer than it is now, it would be nine or ſixteen times more af- 
fected. 


oveny Ways may be illuſtrated by the {loving 


EXPERIMENT HI. Plate 1. Fig. 4. 


18. 13 Candle, ſo ſmall that its Rays, that are - diffuſed 
every Way, may proceed as it were from one Point; (for if the 
Candle be large, its Light muſt be made to pats through a ſmall 
Hole in a Paſtboard :) = if a Cube * of an Inch, .as A, be held 
up upon a Needle, at the Diſtance of one Foot from the Can- 
Vor. I. | C dle, 


9 
Lect. L 


— | 


* Ann. 11. 


Tarts Proportion of Increaſe 'or Decreaſe of Qs diffuſed 


* Ann. 12. 
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; Lect. I. dle, its Shadow will cover the Surface of a two Inch Cube B, 
== held at the Diſtance of two Foot from the Candle; which laſt 
['} >» Surface is four Times larger than that of the firſt Cube, as ap- 
= pears by applying the firſt Cube upon the laſt. Hereby it is evi- 
. dent, that if the firſt Cube was twice as far from the Candle it 
= would receive but the 4th Part of the Light; and but the gth 
Part, if it was three Times as far; becauſe when held at one 
Foot from the Candle, its Shadow will cover a three Inch Cube 


# 
— 


1 + held three Times as far. In the ſame manner will a Sphere of 
' =o an Inch Diameter at one Foot from the Candle intercept all the 
ja | Light, which would fall upon a two Inch Sphere at two Foot, 


N or a three Inch Sphere at three Foot from the Candle, their 
| 5 Surfaces being as 1, 4 and 9g, proportionable to the Squares of 
their Diameters. TOM | 


19. As it is eaſier to raiſe moſt Bodies from the Ground than 
to break them in pieces; that Force by which their Parts cohere, is 
ſtronger than their Gravity. That Force, whatever be its Cauſe, 
we ſhall call the Attraction of Cobe/jon. This Attraction is 
ſtrongeſt, when the Parts of the Bodies touch one another; 
but decreaſes much faſter than Gravity, when the Parts that were 
before in Contact, ceaſe to touch; and when they come to be at 
any ſenſible Diſtance, this Attraction of Coheſion becomes almoſt 
inſenſible. n | f 55 b 
Tuis Attraction is always the ſtrongeſt, where the Contact 
1s the greateſt. As for Example, two Boards of Fir or Oak, be- 
ing glued in the Middle along the Grain, are not ſo eaſily broken 
aſunder in the glued Place, as any where elſe; © becauſe there 
are more Pores, and conſequently fewer touching Parts, along 
the Wood any where elſe, than where the Glue is; for when a 
Joint is ſhot (as the Workmen call it) or the two Pieces of Wood 
made ſmooth, in order to join them, the Glue which is ſpread on 
the Pieces fills the Pores, and cauſes the Wood not only to touch 
where it did before, but even in the Interſtices where it did not 
touch ; becauſe thoſe little Spaces are filled with Glue, that ſup- 
plies the Place of Wood. On the contrary, when the Wood is more 
Ann. 13. folid “, or has fewer Pores than the Glue, it does not hold fo faſt 
where it is glued, as in the other Parts of the Wood; which may 
be ſeen in Brazil-wood, Ebony, or Lignum-vitæ, and in Metals. 
The Parts of Glaſs, which are almoſt round, touching but in a few 
5 2 | r 


of the Table, and to 
horizontal. 

Ho w ſuch an Enc 
more evident by the following 


than the Attraction of the 
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Points, are eafily ſeparated, and therefore it breaks eaſily: And Led. I. 
Fluids (whoſe Parts ſeem to be ſpherical) have ſcarce any Co.! 
heſion, except ſo much as ſerves to make Drops, whoſe Roundneſs : 
plainly proves an Attraction of Coheſion: For if this Roundneſs 
depended upon the Preſſure of the Air, the Drops would not be 
round in Vacuo; and if it depended upon the external Preſ- 
ſure of any other Fluid whatever, two Drops could never unite 
into one; becauſe the Figure of any Potion of a Fluid * prefſed * Ann. 14 
every way, by the ſame or any other Fluid, cannot be altered by 
that Preſſure; whereas from a mutual Attraction of the little 
Globules * that compoſe the Drop, it muſt become round; and it“ Ann. 15. 
will continue ſo, becauſe then there will be the greateſt Contact 
poſſible between all the Parts. A Drop of Water, or any other 
Liquor, does indeed become flat where it touches a Table, or any 
plane Body, that does not repel it; this is owing to the Attraction 
the Gravity of the Drop, if the Table be 


reaſe of Contact increaſes this Attraction, is 


ExPERIMENT IV. Plate 1. Fig. 5. 


20. HavinG moiſtened or thinly ſmeared over with Oil of 
Oranges * two Glaſs Planes A BCD, (eighteen Inches long, and“ Ann. 16, 
three or four Inches broad) lay them upon one another in an hort- 
zontal Poſition in the wooden Frame HILM, having firſt put a 
Drop of the ſame Oil upon the undermoſt Plane at G, and laid 
a thin Plate or Piece of Money upon the ſaid Plane, between 
DC, to hinder the upper Plane from touching it at that End 
whilſt their other Ends AB are in cloſe Contact. The Drop 
being large enough to reach. the upper Plane, will immediately 
be flattened, and move on towards the touching Ends, continu- 
ally encreaſing its Diameter, as at Q and R, and likewiſe moy- 
ing faſter as it ſpreads. Nay, though the Planes be raiſed up at 
their touching Ends by means of the Prop O N, the Drop will 
continue to advance towards the touching 
faſt. When the Drop is at G, a ſmall Elevation of the Planes 
will retard it; if they be raiſed a little higher, it will ſtop; if 
ſtill higher, the Gravity of the Drop will act more ſtrongly 
Planes, and make the Drop move 


C 2 


but not fo 


14 


12 

ect. 2 downwards towards CD. When the Drop is at Q, the Plane 
SY will require a much greater Elevation to ſtop the Drop, or make 
it move downwards; and ſtill a greater when it is at R. Now 


=Y 


* Ann. 17, 
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when the Planes are raiſed fo high as to make the Drop run back; 
if the upper Plane be preſſed by the Finger a little above the 


Drop, fo as to come nearer to the lower Plane, the Drop will not. 


only ſtop, but move .upwards ; becauſe it fpreads more by that 
Preſſure and touches fo many more parts of the Glaſs than it 
would have done, that even at this Elevation of the Planes, their 
Attraction overcomes the Gravity of the Drop. That it moves 
at firſt towards AB, is owing to the greater Attraction of the 
Planes at e, where they are nearer together than at /; and that 
the Velocity of the Drop encreaſes, is owing to its moving to- 
wards AB, where the Attraction muſt encreaſe continually “ as 
the Planes come nearer and nearer. A ans 55 ane 


- 


© SEVERAL. other Circumſtances of. the Attraction of Coheſion 
are ſhewn by the following Experiments, 3 


EXPERIMENT V. Plate 1. Fig. 6. 


21. Hav ING fixed into a piece of Wood or Cork CC, ſe- 
veral little Glaſs Tubes, the Diameters of whoſe Bores are leſs 
than one another, (the biggeſt being about 4 of an Inch) let the 
Ends of thoſe Tubes be dipped into any tinged Liquor that will 


* adhere to Glaſs, as red Water; and the Liquor will ſpontaneouſly 


riſe in all of them, but always higheſt in thoſe whoſe Diameter 


is leaſt; as appears at 1, 2, 3, 4, 5, when they are dipped in the 


red Water of the Veſſel AB. | 

IN very ſmall capillary Tubes, the Liquor will riſe very high, 
but then the Colour will be imperceptible: But to make the 
riſing Liquor viſible in that cafe, the Tube may be applied to 


one's Finger after it is pricked fo as to make a drop of Blood iſſue 


out, which will riſe very quick, and be vifible though the Tube 
be as ſmall as an Hair. See Plate 2. Fig. © blk Hts 

Any porous Body will have the Effed of capillary Tubes; 
thus Water will riſe up into a piece of Bread, or into a piece of 
Loaf Sugar whoſe lower end is dipped into the Liquor; but it will 
riſe much higher into Loaf Sugar, becauſe its Interſtices are ſmaller 
than thoſe of the Bread. 8 | 
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ExPERINMIZNT VI. Plate 2. Fig. 2. eee 


22. Taxr two ſquare Planes of Glaſs AB CD, and having 
moiſtened them with Water, ſet them upright in a Veſſel of 
the ſame Water, preſſing the Sides together at AB, but keeping 
the oppoſite Sides D C aſunder, by putting a thin Plate between 
them. The Water will riſe between the Planes in the Curve eg; 
where it is to be obſerved, that the Fluid always goes higheſt where 
the Planes are neareſt, namely towards A B, juſt as it happens in 
the ſmall Glaſs Tubes. | 8 5 . 

Tur none of theſe Phænomena ariſe from the Preſſure of 

the Air, is evident by making the Experiments in Vacuo; which 

may be eaſily performed by means of the Wire w (Plate 1. Fig. 2.) 
Which can move up and down through its Collar of Leathers, 

without admitting the external Air into the Receiver, as it riſes 

or depreſſes the Planes or the Tubes faſtened to it. The whole 

Apparatus for this will be hereafter deſcribed. | 


ExPERIMENT VII. Plate 2. Fig. 3. 


23. In a clean Glaſs that is not full, Water and ſeveral Liquors 
will be higher at AB where they touch the Glaſs than in the mid- 
die C; but that Elevation is hardly ſenſible but near the Sides, be- 
cauſe the Attraction of Coheſion reaches but a little way. Quick- 
ſilver does the reverſe in this caſe; and in ſmall Tubes it does not 
riſe fo high as the Surface of the reſt of the Quickſilver in the 
Veſſel in which the Tubes are held. The Reaſon of theſe Phæ- 
nomena * is, that Water and thoſe Liquors are attracted by Glaſs * Ann. 18. 
more than it is attracted by it ſelf; and that on the contrary, 
Quickſilver attracts Quickſilver more than Glaſs attracts it“. Ann. 19. 


ExPERIMENT VIII. Plate 2. Fig. 4. 


LET AB be a Cylindrick Glaſs Veſſel filled up to the 
Line AB with Quickfilver, whoſe Surface is loweſt at A and 
B the Sides of the Glaſs, where it riſes with a Convexity. 
If an open Tube of a ſmall bore DE be preſſed againſt the 

inſide of the Glaſs (to render the Experiment viſible) its lower 
. 
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Leck. 1. Orifice being almoſt at the Bottom of the Glaſs, the Mercury 


Vill riſe in the ſaid Tube no higher than F below the Surface A B 


74S 


Whoſe Bottom is a little convex, below the Sur 
as low as E; upon the Removal of the Finger, the Mercury in the 


of the Mercury in the Veſſel. But to avoid all Cavils about ſome- 
thing in the Tube that might be ſuppoſed to ſtop the Mercury, 


let the Experiment be made in this Manner. | | 
LET the Tube being quite full of Mercury, (and kept ſo by the 
Finger preſſed on the upper Orifice D,) be put into the Veſſel, 
— of the Mercury 


Tube will fall below F, and then riſe above it, and after ſome Vi- 
brations ſettle at F, the Point to which it roſe before. 


EXPHERIMENT IX. Plate 2. Fig. 5. 


24. IN To the Cylindrick Glaſs Jar A B, of about five Inches 
Diameter and 1 Inch deep, pour gently about one Pound of 
Quickſilver, and a circular part of the Bottom as CC will remain 


uncovered ; then if you ſhake the Jar to make the Quickſilver 
come together, the whole Bottom will be covered; but if with- 
out any Shake you continue to pour on more Mercury you may 
- put in a Pound or two more before the Bottom be quite covered, 


the Pit C C becoming continually leſs, but deeper; and if then 
you bring the Mercury together to cover the Bottom and deſtroy 
the Pit, a Finger being preſſed againſt the Bottom through the 
Mercury, will, when taken away, leave a Pit as before, the 
Mercury there remaining convex at the Sides of the Pit ; as ap- 
pears in the vertical Section of the Glaſs and Quickſilver in the 


lower Figure 5. Plate 2. 
ExPERIMENT X. Plate 2. Fig. 6. 
2 5. HAv ING put in ſtill more Mercury till there be no 


Pit left, lay a Piece of Iron Wire CC about two or three 
Inches long and «* of an Inch thick upon the Surface of the 


Mercury, where it will ſwim, making a Dent on both Sides as at 


D; which happens becauſe the Mercury attracts it ſelf more 
than it does the Iron; ſo in the caſe of Fig. 5. it was leſs at- 
tracted by the Glaſs than by it ſelf, and therefore made the Pit: 
but when once the Sides of the mercurial Pit C C were brought 


to touch, they never parted again of themſelves. 


Ex- 
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26. Ir mm repreſent the Surface of the Mercury, and the 
Wire which ſwam at the Top be preſſed down to the Bottom, 
(where D repreſents its tranſverſe Section,) the Wedges of Mer- 
cury 6 c a, that go under the Wire ſo as very nearly to. meet 
at c, will not remain in their Places, but by the reſt of the 
Mercury they will be attracted towards d, d, ſo as to leave 
the Spaces 6 c @ without any Mercury; as appears in the Sec- 
tion of the Glaſs, Wire, and Mercury, Fig. 8. And that 
it is ſo in fact, appears by looking at the under fide of the 
Glaſs in the upper Fig. 8. where the Wire or Wires (if 
there be more than one) become viſible through the Bottom of 
the Glaſs, which could not be unleſs the Mercury went away 
from under them; becauſe a Cylinder can touch a Plane but 
in an inviſible Line: And as a farther Proof of this, the Wires, 
though ſpecifically lighter than Mercury, remain at Bottom, as 
being preſſed only downwards by the Arch of Mercury over them ; 
which could not happen if the Mercury could inſinuate it ſelf 
under a 


27. Now if the Experiment be made with a Silver Wire 
of the ſame Bigneſs as the Iron one, when it is laid at Top, the 
Mercury will riſe up round it as at a a, Fig. 9. and this Wire will 
not remain at the Bottom of the Glaſs, though puſhed down to 
it, but always emerge; neither does it become viſible through the 
Bottom of the Glaſs, though held down againſt it with the Finger; 
nay, even when the Finger 1s ſeen on each ſide of it. This hap- 
pens becauſe Silver attracts Mercury more than Mercury attracts 
it ſelf. But to ſhew that this Attraction is only ſtrong in Contact 

or extremely near ;. let the Silver Wire be made a little foul by 
putting it into the Fire, and then the ſame thing will happen to 
it as to the Iron Wire; becauſe the Attraction of Coheſion is in- 
ſenſible, at the Diſtance of the Thickneſs of the thin Skin that 


there covers the Silver. | 


28. THAT there mould be a Contact to bring Bodies to 
cohere very much, is evident from the ſoldering of Lead or 
Braſs with a Mixture of Lead and Tin, commonly called ſoft 

f | ; Solder. 


ET AI N XI. Plate 2.4 Fig. 7 | | 9 


_ 
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Leck. I. Solder. For if theſe Metals be not well cleaned, they can never 
8 be ſoldered perſectly tight; and in Lead, after the Parts that are 
| to be joined have been made foul by rubbing them over with 
Chalk, and then with Mallows or any Green-Herb, ſo as to make 

| ga @ thin Skin; the Work-man ſcrapes clean the two Edges of the 
\\ Lead that are to be joined, that the Solder may come cloſe enough 
to the Metal; and when the Solder is poured on hot out of a La- 

dle, then ſpread with an Iron, it faſtens ſtrongly where the Metal 

was cleaned, but does not at all ſtick where the Skin remains that 

was made by the Chalk and Juice of the Mallows. It has been 
obſerved, that the Air alone will foul or make a Skin over the Part 

of the Lead that has been cleaned, and therefore Greaſe or Tal- 

low is commonly rubbed on after ſcraping ; for the Parts of any 

fat or inflammable Subſtances being much finer than thoſe of Air, 

will allow the Solder to come much cloſer to the Lead than a Finte 

of Air, or what ſeparates from the Air to ſtick to the Lead. 

Ir two leaden Balls of about an Inch Diameter be pared with a 

Knife, ſo as to cut off a Segment of about of an Inch Diameter, 

and they be preſſed together (giving them a little Twiſt) pretty 

hard, they will ſtick together with a great Force; ſometimes ſo as 

to hold above 100 16. See the 6th Volume of the Phz/o/ophical 

T * abridged by Meſſrs Reid and S Part 2d, ge 2 
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29. IN aer . of the Diſtance this es of Co- 
heſion encreaſes or decreaſes is not yet fully known; but from 
ſome Phænomena, we have reaſon to believe that it decreaſer- in a 
biquadratic Ratio of the encreaſed Diſtance; that is, at twice the 
Diſtance it acts 16 times more weakly, and at y times the Diſtance 
81 times more weakly, &c. For it becomes n at the leaſt 
ſenüble Diſtance. 


30. TERRE is in e . ſort of are not ſo 

ſtrong as the Attraction of Coheſion, but ſtronger than Gravity; 

: whoſe Proportion of Decreaſe, in the Removal of Bodies attracting, 
Ann. 2>. is nearly as the Cube and a Quarter of the encreaſed Diftance *: 
And this is the Magnetical Attraction. As for Example, if a 
Loadſone attrats'a Piece of Iron with a certain Force at a given 
Diſtance ; at twice the Diſtance, the Attraction will be 10 times 

_ weaker : And at three times the Diſtance, the Attraction will be 


* 
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33 times weaker. But as Magnetiſm is a particular Virtue that Lect. I. 


3s only Load-ſtones and Iron and Steel, we ſhall refer a fuller -v— 


Account of it to another Place; becauſe we are now only conſider- 
ing general Properties of Bodies. We ſhall only obſerve, that the 
Load-ſtone repels as well as attracts; for that Pole of the Stone, 


which attracts one End of a touch d Needle, will repel the other. 


31. THERE are ſeveral other Inſtances in Nature of a repellent 


Power in Bodies *; and very often the ſame Bodies that attract Ann. 21. 


one another at certain Diſtances, and under ſome Circumſtances, 
do repel one another at different Diſtances, and under other Cir- 
cumſtances. 1 1 „ 
THis may be ſeen upon the Diſſolution of Salts in Water, 
That the Parts of the Salts attract one another, appears from unit- 
ing into hard Lumps when the Water is evaporated, ſo that the 


Particles come ſo near to each other, as to be within the Power 


of the Attraction. That they repel one another at farther Diſtan- 
ces, appears from the regular Figures into which they coaleſce, 
when by the Evaporation of part of the Fluid in which they float, 
they are brought within each other's Sphere of Attraction; theſe 
regular Figures depending entirely upon the Equality of their Di- 
ſtances one from another before this Evaporation, and this Equa- 
lity of Diſtance being owing to an Equality of repelling Force. 


32. A repelling Force is alſo prov'd by the Production of Air 
and Vapours; for thoſe Particles which are forc'd out of Bodies 
by Heat and Fermentation, as ſoon. as they are out-of the Sphere of 
Attraction of the Bodies, do immediately recede from them, and 
from one another with a great Force, and avoid coming together 
again; fo as ſometimes to take up about a Million of Times the 
Space which they did before in a denſe Body. 9 


33. Tux Attraction and Repulſion in the ſame Body at a con- 
ſiderable Diſtance, is evident in ſeveral electrical Experiments. 
Ir you rub a Piece of Amber with a dry Hand or a woollen 


Cloth, it will put into motion Threads, Feathers and light Bodies, 


attracting and repelling them at a diſtance: And therefore the 
Name of Electricity has been given to that attracting and repelling 
Force which is excited in any other Body by the ſame Friction as 


You, bk. Dp. _ Ribbons, 


is given to the Amber. Wax, Roſin, Sulphur, Silks, Paper, 


18 


Leck. I. Ribbbas, - Hair, and Feathers, and ſeveral bther Bodies have this 
* Property: But Glaſs has it more than any other. 8 


or the Tube. In driving the Feather about the Room with the Tube, 


them at the diſtance of a Foot or two; the Pieces of Leaf-gold 


* 
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EE N XII. Plate 2. Fig. 10. 


34. eur a Glaſs Tube of about 142 Inek Diameter, ants TY 
bing it from one End to the other with a dry Hand pretty briſkly, 
it will attract a Feather, or any light Body, at a conſiderable Di- 
ſtance, from one to eight or ten Feet. After a Feather has been 
attracted and ſtuck to the Tube for ſome time, it will fiy off of 
it ſelf, and never come to the Tube again (which conſtantly repels 
the Feather in the Air, whenever it 1s brought near it) till it has 
touch'd ſome other Body; as a Finger or a Stick. And if the 
Finger be held pretty near the Tube, the Feather will alternately 
fly from the Finger to the Tube, always ftretching out its Fibres 
the way that it is going, and that before it comes off from the Finger 


it muſt now and then be rubb'd afreſh to excite the 3 WHICH 
e grows weaker, after the Friction is over. þ. 


ExvPERIMENT XIII. Plate 2. Fig. 11. 


35. Ir ſeveral little Pieces of Leaf- gold, or Leaf-braſs, be 10 
upon a Stand or ſmall Table, and the rubb'd Tube be held over 


will move from the Table to the Tube with great Swiftneſs: And 
often by the Attraction and Repulſion they will move backwards 
and forwards without touching either the Tube or the Table. 
But if two Books, or two Pieces of Wood of the ſame Size be ſet 
1 = end on the Table on each fide of the Leat-gold, as at 
; (Plate 2. Fig. 12.) ſo that their Diſtance A B be equal to 

$1. Teich of one of them: Then the Tube being held between 
their Tops, as at D, will have no Power to move the Leaf-gold, 
tho the Diſtance from the Leaf- gold be but fix Inches, when the 
Tube juſt before attracted the Leaf- gold at a Foot or two; but if the 
Pieces of Wood be remov'd, without giving the Tube a new Fric- 
tion, it will attract and repel the Leaf- gold as before. When the 
Pieces of Wood are not remov'd, the Tube will not put the Leaf- 
gold in Motion, till the Diſtance DC from the Tube to the Gold 
be leſs than, half the Diſtance AB of the Pieces of Wood: hs if 
- 8 
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A Courſe of Experimental Philoſophy. 
this Effect could not be produc d while the Sphere of Attraction 
repreſented by the Circle ECF (whoſe Center is in the middle of 
the Section of the Tube at P) is diſturb'd by the Pieces A and B. 
ExPBRIMENT XIV. Plate2. Fig. 13. 

36. To know when the Tube is ſufficiently rubb'd to make 


Experiments with it, you muſt move your Fingers Ends nimbly 
by the Tube, as if you went to ſtrike it in a Direction perpendicu- 


lar to its Axis, but the Fingers need not come nearer than a quar- 
ter of an Inch from the Tube: Then the Efuvia or fine Parts that 
fly from the Tube will ſnap againſt the Finger, or (beating back 
from it) againſt the Tube, fo as to be heard with a Noiſe like the 
crackling. of a green Leaf in the Fire; but not ſo loud. _ 
 ACccvoRDING to the State of the Air, the Tube requires more 


or leſs rubbing. In Weather that is hot and moiſt, the Tube re- 


quires a great deal of Friction before it will ſnap, and attract and 
repel the moſt ſtrongly; and then at beſt its Virtue will diffuſe it 
ſelf but a little way: So that the ſame Tube, which in dry cold 
Weather gave Motion to the Fibres of a Feather at the Diſtance of 


eight or ten Feet, will ſcarce act ſenſibly at the Diſtance of two 


Feet when it rains in Winter. 4 | 
Ir the Tube be warm'd at the Fire without rubbing, it will 
have no Effect: Its Electricity will alſo be leſs if you rub the Tube 
long enough to make it very. warm ; and then you mult let it cool 
before you n ee ett on 

. IT is net amiſs to {et the Tube or any Glaſs to be rubb'd before 
the Fire to dry it before you uſe it, eſpecially if it be pretty thick, 


Provided it is not much heated, 


37. IT is remarkable, that if the Tube be rubb'd in the dark, 
the Effluvia Will appear lucid; and when it is made to ſnap (as in 
the 13th Fig. of Plate 2.) there appears a Light upon the Fingers 
Ends, as at A; and if a little Bruſh be held near the Tube, as at 
B; or drawn along it without touching, juſt after it is rubb'd, 
Sparks of Light like Stars will appear upon every Hair of theBruſh; 
but the ſame part of the Tube will not ſnap or give Light twice 
together in the ſame Place without a new Friction. 
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ExPERIMENT XV. Plate 2. Fig. 14. 


38. Ir the rubb'd Tube be brought near a Down Feather tied 
to the upper part of a little Stick ſtanding upon a Foot, the Fea- 
ther will ſtretch out its Fibres towards the Tube; but upon the 
Approach of a Finger between the Tube and Feather, they will 

be repell'd by the Finger; tho' they will be again attracted by it 

as ſoon as the Tube is remov'd; and then the Fibres will turn 
back again to the Stick and be attracted by it,- when the Finger 
J.. PHE BRT © = 993 6 008 ROY 1. 300 


— "EXPERIMENT XVI. Plate 2. Fig. 16. 


39. Ir you ſet a Glaſs Receiver, about five Inches wide, and 
twenty Inches high, over the Stick and Feather, having firſt dried 
the Receiver at the Fire or in the Sun ; upon rubbing the Glaſs 
with one or both Hands from Top to Bottom, the Feather will 
ſtretch its Fibres every way like the Radii of a Sphere, when the 
Hand is remoy'd from the Receiver. But if whilſt you rub the 
Receiver, or after rubbing, you only move the Hand upwards and 
downwards, the Fibres of the Feather will (notwithſtanding the 
Interpoſition of the Glaſs) follow the Motion of the Hand: And 
if the Tube be rubb'd within a Foot or two of the Receiver, the 
Feather in the Receiver will likewiſe follow the Motion of the 
Hand rubbing the Tube. When the Tube has its Electricity ex- 
cited by Friction, if it be brought near the outſide of the Re- 
ceiver, the Feather will ſtretch its Fibres tewards the Tube ; and 
upon the Removal of the Tube, turn back to the Stick; though 
ſometimes this laſt Phænomenon will happen at the approach of 
the Tube, and the Fibres will ſtretch out again when the Tube 
is taken away : Nay, ſometimes there ſeem to be Fits of Attrac- 
tion and Repulſion; for whilſt the Tube is held near the outſide 
of the Receiver, the Fibres of the Feather will be alternately ex- 


tended and contracted, without any new Friction given to either 
of them. | = 


.. ae. Jo $T after the Receiver has been rubb'd, if you blow to- 
wards the Feather, (ſee the 15th Fig. Plate 2.) its Fibres will 
fy from the Blaſt; and they will alſo fly from an Hand mov'd 
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1 briſkly converts the Glaſs, yet ſo as not to touch it ; but the Expe- Le. I. 
riment will not do twice without rubbing the Receiver a- new. 


41. Mos x of theſe Experiments, if not all, will ſucceed even 
when the Air has been pump'd out of the Receiver : Only there 
will be this difference, upon rubbing it in Vacuo, that the Light 
excited will be of a Purple Cotour, in a much greater Quantity, 
and all within the Glaſs: And whereas Bodies would be attracted 
before, when held near the outſide of the Glaſs, now that Power 
will ceaſe, and the Virtue will exert it ſelf wholly inwards. The 
ſame will happen to the Tube when exhauſted, as alſo to a Glaſs 
Globe * whirl'd by means of a Wheel, and fo rubb'd by the Hand; Ann. 2;. 
as is deſcribed more at large by the late Mr. Haw#/bee in his Book 
of Experiments, where he has given a large Account of a great 
many Electrical Experiments that he made. | | 


42. I ſhall ſay no more on this Subject now, becauſe I ſhall 
have Occaſion to conſider it more fully in another Part of my 
Courſe : And the Intent of this Lecture is only to ſhew,— That 
thoſe Properties of Bodies, ſuch as Gravity, Attractions, and Re- 
pulſions, by which we ſhall hereafter explain ſeveral Phznomena, 
are not occult Qualities or ſuppoſed Virtues, but do really exiſt, | 
and are by Experiments and Obſervations made the Objects of our 
Senſes. Theſe Properties produce Effects, according to ſettled 
Laws, always acting in the ſame Manner under the ſame Cir- + 
cumſtances: And, though the Cauſes of thoſe Cauſes “ are not * Ann. 24, 
known; fince we do not reaſon about theſe hidden Cauſes, it is 
plain that we reject occult Qualities, inſtead of admitting them in 
our Philoſophy, as the Cartęſians always object to us. | - 


ANNO- 


Annotat. 
Lect. I. 


ANNOTATIONS upon the Firſt LEcTurE. 


— 


I. [3——But the whole Variety, &c.] 


F we conſider the Bricks of which a Building conſiſts as its ſmalleſt or 
firſt Parts; we ſhall find that, however ſimilar they are, their different 
Diſpoſition, in reſpe& to each other,. will produce very different Parts 

of the Edifice: An Arch, a Wall, a Chimney, a Pier, a ſquare or a 
round Pillar, a Globe or a Cube are compos'd of the fame Sort of Bricks 


and ſuch as ſerved for one Part, when pulled aſunder, will as readily ſerve 


for another. So in the wonderful Edifice of the Univerſe, there is no need 

of a Difference in the Atoms or firſt Particles, of which the ſeveral Parts 
are compounded ; the ſame Atoms being as proper to make Land. as Sea, 
to make Gold as Clay: And, when we do not conſider the Soul that actuates 
the Matter, a particular Diſpoſition of the firſt Atoms makes all the Dif- 

perm) betwixt a lifeleſs Lump, and the Body of a curiouſly organized 
Animal, 5 . 


One may bring various Examples of Matter trac'd through ſeveral Bo- 
dies, whoſe Changes depend upon the different Texture and Poſition of 
the Parts, | TS 1 oy 


When the Water of Rivers, Seas, and Lakes, is ſo rarified by the Heat 
of the Sun, as to become ſpecifically lighter than Air {which will happen, 
when it takes up above 900 times the Space in Vapour that it did in Wa- 
ter) it will riſe up ſo high as to form Clouds of various Colours, which 


float about at that Height, where the Air is of the ſame ſpecific Gravity as 
the Clouds. | 5 


When the Winds, by carrying off ſome of the Air above, cauſe that 


which is below to become ſpecifically lighter by its Expanſion ; the Clouds, 


retaining the ſame ſpecific Gravity as they had before, do then deſcend ; 
and, by the Reſiſtance which they meet with in their Deſcent, are chang'd 
into Rain, which falling down to the Earth, does in a great meaſure run 
back into the Rivers and Seas; but ſome Part of it runs into the Earth, 
and is imbibed by the Seed of Plants. If we conſider ſo much of it as gets 
into the Grains of Wheat that are ſown, the Appearance of it is much 

3 a | DE | ; chang'd 
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chang'd in the green Blade of Corn, then in the Straw, afterwards in Anno at. 
the Ear, and in the Grains contained in it. The Wheat, by being ground Lect. 1. 
in the Mill, puts on the Form of Flour; which being made up into Paſte 
and then baked, is again changed into the Cruſt and Crumb of Bread. The ' 
nouriſhing Parts of the Bread {after it has been eaten by Man, and has paſſed 

through the Stomach) do out of the Inteſtines paſs through the LaReal Veſ- 

ſels into the Receptaculum Chyli, and thence up the Ductus Thoracicus into the 

left Subclavian Vein, or (as an ingenious * Anatomiſt has lately diſcovered) * Mr. St. A.. 
into the left internal Jugular Vein ; ; where mixing with the Blood, it goes “. 

along with it through the Heart and Lungs, where it receives vivifying Par- 

ticles from the Air; and returning into the Heart, is from thence by the 

Action of the left Ventricle of the Heart, and the Arteries, carried to the 
Extremities of the Body. There ſome Part of this new Blood circulates 

back again; 3 whilſt other Parts are changed into the Subſtance of Bones, 

ſome into Membranes, ſome into Hairs, ſome into Nails; and other Parts 

of it paſſing through the Chand, are turned | into Sweat, and fo become Wa- 

ter again, as at firſt. | 5 


If we had conſidered ſuch Drops of Rain as impregnated Linſeed; we 
might have traced it through the Stalks of the Plant, Flax made of chat, 
Thread ſpun from the Flax, Linnen made of the Thread, a white Pulp 
made of the Rags of the worn Linnen beaten up with Water at the Paper- 
Mills, Paper made of that Pulp thinly ſpread upon a fine Net- Work of 
Wire; and laſtly the Smoke, which burnt Paper affords, is again eaſily 
reduced to Water. | 


Solids become Fluids, as Metals FR by the Action of Fj tre, or being dif- 
folved in acid Menſtruums; and Fluids put on the Form of Solids, as Mer- 
cury will be made hard by the Fumes of Lead: And two Chymical Li- 
Gun will immediately upon their Mixture coaleſce into a firm Sub- 

ance. 

It is to their particular Figure that Machines and Inſtruments owe their 
Uſefulneſs ; Clocks, Mills and other mechanical Engines being only va- 
luable, when their Parts that are made to communicate Motion have their 
proper Fitneſs. 

The ſame kind of Glaſs produces great Variety of Effects, according to 
=_ different Figure of its Surface : as is known to all that have ſeen Optic 

lafles. | 

The Difference of Seaſons which 0 ſuch Changes on the Surface of 
our Earth, and even in the Bodies of Animals, is entirely owing to the 
different Situation of the ſeveral Parts of the Earth in reſpect to the Sun. 


Thoſe that would read more upon this Subject, may conſult Dr. Jobs 
x —_ Introductio ad veram Phyficam. Edit. 3. Lo. 7. 


2. [A. 


2 
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Annotat. 2. 1 That Mercury re/ifts, &c.)] Mercury weighs 132 times more than 
Lect. IJ. Water, and is found to reſiſt Juſt 137 times more; and Water which 
9 weighs between 800 and goo times more than Air, is found to reſiſt juſt 
ſo much more, This Sir ſaac Newton found by making Experiments upon 
ndulums of Wood and Lead in the Air, Pendulums of Lead in Water, 
and of Iron in Mercury. See his Principia, Edition 2d. Book 2. Prop. 3 1. 
and Prop. 40. where he demonſtrates that the Reſiſtance of Fluids is as their 
Quantity of Matter. . 
I made an Experiment before the Royal Society haut two Years ago 
with a Ball of Gold of an Inch Diameter, which, being ſuſpended by a 
String, did firſt oſcillate in Water and then in Mercury: And it appeared 
that 42 Vibrations in Water deſtroyed as much of the Motion of the Golden 
Pendulum as three Vibrations in Quickſilver. And letting the Ball of Gold 
fall in a Copper Tube four Foot long, and 44 Inches Diameter, filled with 
Mercury, (from an Height of three Foot ten Inches) and nicely obſerving 
the Time of its Fall, I found by comparing ſeveral Experiments, that the 
Reſiſtance of the Medium (diſcovered by the Method taught in the ſaid 
40th Prop. of the Principia) agreed ſo exactly with Sir Iſaac Newton's 
Theory, as not to differ one Tenth of an Inch in che N that the Ball 
fell muas which was three Foot ten Inches. 


2. [4 ol if "Tl be a Medium finer than Liebr, &c.] See Sir Iſaac 
Newton s Optics, ſecond Edition, Book 3d. Queries 18, 19, 20, and 21. 


EV TY 7. hat Quantity, &c. is diviſible in infinitum, Se.] Of the many 
Demonſtrations brought to prove this Aſſertion, I ſhall only mention two 
that are very plain and obvious. The firſt taken from Dr. s Graveſande 8 
Introduction to Sir e Newton's Philoſophy, Part iſt, Ne. 18. 


Plate 3. Fig. 1. 


Let there be a Line AD perpendicular to BF, and another as G H at 
a ſmall Diſtance from A, alſo perpendicular to the ſame Line. With the 
ſeveral Centers C, C, C, &c. and Diſtances CA, CA, &c. deſcribe Cir- Y 
cles cutting the Line GHi in the Points e, e, Sc. T he greater the Radius = 
AC is, the leſs is the Part e G. Since the Radius may be augmented in © 
infinitym, therefore the Part e G may be diminiſhed in the ſame Manner; 
and yet it can never be reduced to nothing, becauſe the Circle can never 
coincide with the right Line BF. 

The next is from Dr. Jobn KeiPs IntroduBtio ad veram Phyſ: Led. 3. 
De magnitudinum Diviſibilitate. 

Let AB (Plate 3. Fig. 2.) be a perpendicular between the Parallels 
CD, EF. From the Point C in one of the Parallels draw the Line CG 
to a Point G on the other od. amd on the * ſide of the Perpendicular 


, 


\ 
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AB, and it will divide the faid Perpendicular into two Parts at K: An- Annotat. 
other Line drawn from C to H will divide the Part K A (of AB) into Lect. I. 
two Parts; and ſince upon the Line E F, which may be produced in Inflo = vw. 
nitum, other Points as I, Sc. may be taken, new Lines may ſtill be drawn | 
to divide the remaining Part of AB. For whatever Line is drawn from C 
to any Point of the Line E F, however diſtant, it can never coincide with 
the Line CD; and therefore it will ſtill divide the Part of A B that remains 
after the foregoing Diviſion. 2 . pa - 
Por other and more ample Demonſtrations, ſee the ſaid Lect. zd, 
where he alſo ſhews the Abſurdity of the contrary Opinion: And in the 
next Lecture he removes the Objections alledged againſt the Diviſibility of 
Quantity; by demonſtrating thoſe very Aſſertions to be true, which the 
Objectors alledge as abſurd Conſequences of the Diviſibility of Magnitude 
in Inſinitum. Fe 2 T1 26) INT Ki 
As Firlt, : That a finite Quantity may bave an infinite Number of Parts. | 
For if the Line AB“ be divided into an Hundred Parts, all thoſe Parts * Plate z. 
taken together will be equal to AB; and if it be divided into a Thoufand Fig. 3. 
Parts, all thoſe Parts taken together will ſtill be equal to AB. Now, 
a Thouſand may be increaſed in any Proportion, nay, may receive an 
infinite Addition of Numbers; and ſince, however the Number of Parts 
is increaſed, the Sum of them can never exceed the Line A B; the ſaid 
Line may, without an Abſurdity be ſaid to contain an infinite Number of 
Fi r . fob winded #3 53251 
Secondly, That it implies no Contradiction, but is agreeable to Geometry, to 
ſay, that a Finite may be equal to an Inſinits; ſhewing that a finite Space is 
equal to an infinite one, and that an infinite Solid is equal to a finite one. 
Thirdly, That there are Inſinites, whoſe Magnitudes bear certain Propor- 
trons 10 one another, and that ſome are bigger, (nay infinitely bigger) than 
In the Circle ABF F take an Arc B E infinitely ſmall, then the Chord þ Plate 3. 
BF will be infinitely ſmaller than the Diameter AB; and yet it will be Fig. 4. 
infinitely greater than the verſed Sine BG, found by drawing FG perpendi- 
cular to BA. Likewiſe in the Circle BFA“ if the Arc BF be taken in- Plate z. 
finitely ſmall, BE be its Tangent, FG the Right Sine, BG the verſed Fig. 5- 
Sine, and F H equal and parallel to the verſed Sine; it is demonſtrable, _ 8 
that CB is infinitely greater than BE, and B E infinitely greater than BG, 
and BG tha !! 3 10 ond ts wn - oe BR 
But the moſt ſurprizing thing of this Kind, is, that if AE and 
AB + be drawn at right Angles, and the Parabolic Curves of different + Plate 3. 
kinds, C, D, G, H, be drawn through the Point A; the Angle of Contact Fig: 6. 
FAC, which is infinitely leſs than any rectilinear Angle, will be infi- 
nitely greater than the Angle FA D, and FAG will be infinitely leſs * 
than FAD: And ſo there may be an infinite Series of Angles of Con- 
tact going on infinitely, of which every following one is infinitely greater 
than the former: Nay, between any two Angles, there may be inſerted 
Vor. I, E innu- 
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Aar . Angles infinitely greater than each other. And even 6 
I. any two of theſe Angles, there may be a Series of intermediate Angles go- 
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— ing on in Infinitum z of which every following one is infinitely greater than 


\ 


dhe former. And thus Nature knows no Bounds. See tbe Dee 


1. theſe Propoſitions in the ſame Book, Lett. 4+ 


8. [6——There « are roms: &c. * Dr. Keil in his n | Lee. 1 


deduces the two following Theorems from the infinite Diviſibility of Mat- 


ter. | Bc; 5 75 


* 


Tzu * 


« Any 3 of Matter, how ſmall Sei and any Gnite Ss: how 


« great ſoever, being given, (as for Example, a Cube circumſcribed about 


«© the Sphere of Saturn ;) it is poſſible for the Matter of that ſmall Sand 


< to be diffuſed throughout all that Space, and to fill ir ſo, that there 
6c 2 — be no Pore or Interſtice in it. whoſe Diameter ſhall exceed a given 
Lie. 


From the Demonſtration of this Theorem, he aries the lowing Corol- 
lary, which ſerves for the Demonſtration of the other. 


Cor. * Hence there may be given a Body, whofe Matter, if it be reduced 


into a Space abſolutely full that Space may be any given Part of its 


former Magnitude. 


THzoOREM Il. 5 


There may be two Bodies of equal Bulk, whoſe Quantities of Mat- 
* ter being unequal in any Proportion; yet the Sum of their Pores, or the 
void Spaces in the two Bodies, ſhall be almoſt equal. 


The Doctor applies his Demonſtration to an Inch Cube of Gold, and an 
Inch Cube of Air; the Subſtance of which is as follows. 


The Cubic ei of Gold A, contains near 20000 times more 


Matter than the Cubic Inch of Air B; but we will only ſuppoſe 
it to Contain 100000 times more. Now let the Matter in A be re- 


duced into a Space abſolutely full, which we will ſuppoſe equal to the 
Part of a Cubic Inch; (which may be done by the Cor. of the laſt 


1 


100 000 
Theorem. Then if the Matter in B be reduced to a Space abſolutely full, 


it will only take up the : 
1 O00 OOO OO 


7 * 


Part of a Cubic Inch, becauſe B 


contained 10000 times leſs Matter than A. To compare theſe. two full | 
Spaces, let us make the Denominators of the two Fractions the —__ 


} Eg 


9 
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and 800 686 880 


| onthe} arias ff 7 
fore the ES. remaining Parts of that Cubic Inch will be void 


I 000 O O | 
Spaces; whilft the void Spaces in the Inch of Air, (after its Matter has 


been reduced to a Solid) are expreſſed by the F raftion — 999 999 999: And 


| RES RON 1 000 000 OO 
conſequently ſince the Numbers 999 990 000 and 999 
in bs, Ratio of Equality . IA" Slates in Seck Bo 
equal, | FCC 
ATpougp theſe Theorems ſeem inconfiſtent with the Doctrine of Atoms, 
they do not overthrow it; becaufe, as they are deduced from the Diviſtbi- 
lity of Quantity, they are rather Mathematical than Phyfical. For though 
an Atom may be conceiv'd of an exceeding Smallneſs, yet its Diameter muſt 
be of a determinate Leygth, and Mes 044 too big to anſwer the Condi- 
tions of the firſt Theorem, which ſuppoſes 
an Atom (or firſt Phyſical Parr) Marhemaricians may affign Parts ſmaller 
in any Proportion, ſq as to agree with the forementioned Theorems: For 


odies are nearly 


thoſe Parts are never feparated from one another. 


actually exiſt Particles ſmall enough to agree with the firſt Theprem, if a 
Grain of Sand be made uſe" of to fill the Sphere of Saturn; and with the 


ſecond Theorem, if an Inch of Gold be compared with an Inch of Air; only 
ſuppoſing (which is more than probable) that a Body perfectly ſolid is as 


FE g are almoſt 


es no firſt Parts. But then even in 
thoſe Particles of natural Bodies, which cantiot be divided in the Opera- 


Notwithſtanding, that giving Atoms a certain Bigneſs limits Dr. Keit's 
Theorems in the Phyſical Senſe; yet it appears from Phenomena, that there 


wc 


much denſer than Gold, as Gold is-denſer than Light, or Ether which is 


ſtill rarer than Light. ; | 
And if a Grain of Sand be ſuppoſed divided into ſo many Parts, as to 
fill the Sphere of Saturn, without having any Pore bigger in Diameter than 


an Hair; thoſe Particles may be ſtill bigger than thoſe of Ether, if not 


bigger than thoſe of Light. | 8 

6. [57——Theſe are to be imagined of an untonceivable Smallneſs, &c:] 
Though it be ſurprizing to think, that Matter ſhould be actually divided 
into Parts ſo ſmall, as we have mentioned in the foregoing note; a few 
Inſtances of the ſmall Parts into which it is divided by Art, or the Work of 


Mens Hands; and ſome pas Hig of its Subtility, as it is naturally diſperſed 


all over the Univerſe, will ma 
will afford the Jeaſt Attention, | 

The Gold Beaters, even with coarſe Tools, reduce that Metal to ſuch a 
Thinneſs, that fifty ſquare Inches of Leaf- Gold weigh but one Grain. Now 
the Length of an Inch may be divided into 200 viſible Parts, as appears in 


e the Aſſertion very plain to any body that 


E 1 | Plate 


1 


Annotat. 


Lea. 1. 
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Annotat. Plate 3. Fig. 8. where the 20th Part of an Inch is diſtinguiſhed into ten 
Lect-J. viſible Parts by ſix black Strokes and five white Interſtices 


* 


e Mate 3. 
Fig. 8. 


\ 


emen, 
AQ f Then multi- 
plying 200 by 200 we have 40000, for the viſible Parts of a ſquare Inch; 


means it becomes divided into 2 000 o of viſible Parts | 

If we conſider the gilding of Silver, we ſhall find Gold in that caſe to 
contain viſible Parts, even after it has been divided above ten times more 
for eight Grains of Gold will gild a whole Ounce of Silver, which is after- 
wards drawn into a Wire 13000 Foot long; therefore one Grain gilds a Wire 
1625 Foot long. And as every Foot (by what we have ſaid above) muſt 
contain 2 4.00 viſible Parts, the whole Length of the Wire contains 3 900 o 
little Cylinders, which being turn'd into Cubes, will each of them have 


* 


ſix viſible Sides; and conſequently by this laſt Operation, one Grain of 


Gold, inſtead of being divided into Iwo Millions of viſible Parts, will 

be divided into 23 400 ooo, which is almoſt twelve Times as many. 
That one may reaſonably tate Cubes for the little Cylinders, appears, when 
we conſider further, that all this Wire is beaten flat in order to wrap it round 
Silk for making Gold Lace; and that even after flattening, the beſt Microſcope 

cannot diſcover the Silver through the Gilding. This ſhews that in this 
thin Skin, ſeveral Parts of the Gold ſtill lie upon one another; though 
the Thickneſs, of it (as Dr. Halley has ſnewn, Philoſ. Tranſ. Numb. 194) 


is but 


3 


. : 8 : : «£85. 2 5 3 , - ; x 
T2460 Part of an Inch, or '62,25 times: leſs than the 200th 


Part of an Inch that we have taken, as the leaſt viſible Part of an Inch in 
Length, | 454 42 . 11 4 i | 
Mr. Boyle, in his Book of. The Nature and Subtiliy af Effluvia, mentions, 
that one Grain of Copper diſſolved in Spirit of Sal Armoniac, will give a 
ſtrong blue FTincture to 105,157 Cubic Inches, or near two Quarts of 
Water. No ſuppoſing no leſs a Cube of this tinged Water to be viſible, 
than ſuch a one whole Side is equal to the 1ooth Part of an Inch (which is 
making eight times more Allowance than we did in reſpect of the Gold) it 
will appear upon Computation, that a Grain of Sand ſo ſmall, that a Mil- 
hon of them may be contained in a Cubic Inch, does contain two Millions 
an Hundred and eleven Thouſand and four Hundred (or 2 111 400) ſuch 
Parts as the ſingle Grain of Copper is actually divided into. EE 
The ſame Gentleman, having expoſed to the open Air a certain Quantity 
of Aſa Fetida, found it diminithed in Weight but the eighth Art of a 
Grain in ſix Days. Now if we ſuppoſe, that during all that time a Man 
could ſmell the Aſa Fetida at the Diſtance. of five Feet, it will appear, 
that the Particles, into which the Aa Felida is divided, cannot exceed in 
1 Part of an Inch. | 
24 250 000 ooo 000 οοͤ ee 1 | 
The late Mr. Lewenhoek, that ingenious Searcher into Nature, gives us an 
Account, that in the Milt of one Cod-Fiſh there were more little Animals, 
than there are Inhabitants upon the Face of the Earth. Now by only knowing 
| mp 4 


Bigneſs the 


5 


, 


which are contained go times in a Grain of Gold; and therefore by this 


33 
thy. 
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the Focal Length of the Zens, or Glaſs of the Microſcope; we can by the Rules 
of Optics find the OR of thoſe Animalcula, which cannot be ſo big as the 


360 — Nee Te: Part of a Cubic Inch: And, therefore, ſeveral Thou- 


ſands of them might ſtand upon a Needle's Point. And it appears alſo, that 
if we compare theſe to a Whale; they will be much leſs in Proportion, 
than a Whale is, when compared with the whole Globe of the Earth. 
As every Animal is an organized Body; how fine, delicate and ſubtile muſt 
be the Parts that make up one of theſe Animals? How ſmall muſt be its 
Heart? How inconceivably little its Veins and Arteries? And much leſs 
muſt be the Globules of that Fluid which ſerves it for Blood, and which 
are ſtill carried along in a finer Fluid.—lIrt is worth while to conſider the 
Smallneſs of thoſe Globules ; which we may do by making the following 
Allowance 3; namely, That the Particles of Blood of thoſe Animals are as 
- much leſs than their Bodies, as the 3 Particles of the human Blood 
are leſs than a Man's Body, 


A Man's Body's is to that of an rimaleuton, « as 1 7 to 7 and the 
100 000 


Diamens of the Globules of a Man's Blood are not bigger than 7 2 


200 
Part of an Inch , (becauſe Lewenboek found the Diameter of the Veſſels 
2 
through which they run to be no bigger, therefore = 17 15 to whe eg ON 
18 ve 3 or in Decimals — i NES 7 there- 
79 200 134 640 000 000 1 000 ooo ooo oo 
fore the Globules of Blood in theſe little Creatures cannot be ſo big as the 
Cube of this Number or | 


Parts of an Inch. 


1 000 000 OOO OOO OOO oO ©00 0009 O00 000 000 
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But ſince theſe Numbers, expreſſed in Figures, do not immediately give 


an Idea of the Smallneſs of theſe Globules; Dr. Keil (in whoſe Fifth Le#ure 
one may find at full Length the Demonſtrations, that prove our two laſt 
Paragraphs) has ſhewn, that the ſmalleſt viſible Grain of Sand would con- 
tain more of theſe Globules, than ten Thouſand two Hundred and Fiſty fix 
of the higheſt Mountains in the World would contain Grains of Sand. 

W hat we have ſaid hitherto, ſhews into how many ſmall Parts Bodies are 


actually divided; but there are Particles of Matter, fo much ſmaller than 


the Globules above mentioned, that thoſe Globules compared with them 
will not only be as Mountains, but as vaſt Earths. I mean the Particles 


of 


Lf FREED a; ingenious Dr. J. Jurin, "ot of the Royal Society, has not long fince found 
Globules of the human Blood to be bigger than what is here mentioned; and having communi- 
cated his Obſervations to My. Lewenhoek, avas by him confirmed in his Afertion ; tut I did not 


Cour +8 


think proper ta alter this Calculation, fince 1 fall ſpeak fully upon ou Subject in another Place of tis - 


1 Philoſophy. 


Annotat of Light, whoſe inconceivable Fineneſs puzzles: our Conteption, How: 
Lectal. amazingly little muſt tlioſe Particles be which flew from ſuch a Candles 
— whoſe Light may be ſeen at two Miles diſtance? Since every Inſtant of 
Time, Particles muſt be darted out to fill a Sphere of four Miles in Diame- 
ter, ſo that a Pin's Head cannot be placed any where in that Sphere with - 
out receiving ſome Partieles of Light. Dr. Netventiit ſnews, that the four- 
teenth Part of a Grain of Wax or Callow, (that is conſumed in one Second 
of Time in a Candle of fix to the Pound, ) produces a greater Number of 
Particles of Light, thay a Thouſand times a Thouſand Millions of Earths, 

(equal to our Earth) would be able to contain Grains of Sand. See 128 
OUS Hhueſanlen Vol. 3. 8 25. SHE. 1 5, 16, 15. | | 
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N There ito robe of Faeuity &c. * The different "bs 
cific Gravity of Bodies plainly proves this Aſſertion, as will be more fully 
ſhewn in the ſecond Lecture. And in Fluids this is evident from their dif- 
ferent Reſiſtance, which we have already ſhewn to be SO Ore to the: 
Quantity of Matter in Bodies. : 


[8——M Spaces are noi 3 full of Mater.) If there was any 
ſi Bet thing as a Sublile Matter, that wholly filled up the Vacuities of Bodies, 
and the whole Ethereal Space in which the Planets. move; its Reſiſtance 
would be ſuch as far to exceed the Reſiſtance of Quickſilver. In ſuch a 
Medium as that, even a perfectly ſolid Globe muſt loſe half its Motion, 
before it could move thrice the Length of its own Diameter; and ſuch 
Globes, as the Planets are, would be ſtopt much ſooner: wherefore it is ab- 
ſolutely neceſſary for continuing the Motions of the Planets and Comets, 
that the Places, they move in, be almoſt entirely void of Matter. That 
they are ſo, appears from the ſwift Motion of the Tail of a; Comet, that 
does not appear to meet with any ſenfible Reſiſtance in the Medium in 
which it moves, ugh It is . ſo wide, and made up of ſo thin a 
Vapour. 


9. [Much more Vacuum than Matter, &c.] That there is more 
Vacuity in Bodies than Matter, may be clearly deduced from the Proper- 
ties of tranſparent Bodies; for the Rays of Light are ſpread every way in 

right Lines through Water, Glaſs, or a Diamond, with no more Difficulty 
(nay, with more Swiftneſs) than they are carried through the Air, whatſoever 
Side of the tranſparent Body be expoſed to the Light ; therefore there is 

always a rectilinear Paſſage for the Light, from the eaſt aff gnable Part of 
the tranſparent Body to any other Part of it: And this could never happen, 
unleſs the Quantity of Matter in ſuch a Body was extremely ſmall when 
compared with its Bulk. Perhaps in a Diamond the ſolid Matter, compared 
to its Bulk, bears a leſs Proportion than the Diamond does to the whole 
Globe of the Earth : Which will not appear impoſſible, to thoſe that con- 
ſider what has beeh 2 before upon this Subject. EY ſince Gold i - not 
above 


Fg 
* 


\ > 


ſtone paſs through Gold, as eaſily as through the Air; for if a Plate of Gold 


or any other Metal (except Iron) be interpoſed between a Loadſtone and a 
touched Needle, which is drawn out of its Poſition by the Virtue of the 
Stone, the Needle will in no wiſe be leſs affected than before. Nay, thoſe 
 Efliuvia may for a whole Day paſs through the Brain, a Body ſo tender and 
ot ſo delicate a Contexture, without affecting the Nerves with any Senſation, 
or diſturbing the leaſt Thought, | 

The Vapour of the Aurora Borealis (which ſome imagine to conſiſt in a 
great meaſure of the Magnetic Efiuvia of the Earth) does freely paſs 
through Houſes and Trees, and dart through the Bodies of Animals with- 
out being felt ; as appears from Obſervations made upon that Phenomenon, 
when viewed from ſeveral Places at once. 


10. [15——4ny Weight may hang, &c.] The fame Experiment may 
be made, by means of a ſpiral Spring in one of the Balls within a Barrel on 
which a String is wound up. For the end of the Strng being faſtened to ano- 
ther Ball equal to (or double, or triple) the Ball that has the Spring; upon 
pulling the Balls aſunder, they will come togezher again with Velocities re- 


ciprocally proportional to their Maſſes. See Plate 3. Fig. 9. Where A“ re- * Plate 3. 
preſents the Section of an hollow Braſs Ball, with a ſpiral Spring $ and Bar- F's: 9: 


rel within it, contrived in ſuch manner as to pull back into the Ball the whole 
String AB, when it has been pulled out by the End B. The Ball B is ſolid 
and of Ivory, but of the ſame Weight as the hollow Ball A. Now if the 
Ball B be pulled from A to the Diſtance A B, upon letting go both the Balls 
at once, they will meet at C, the middle Point between them; but if B be 
a Ball twice as heavy as A, upon letting both go they will meet at D, DB 
being but half of the Diſtance AD. _ 


11. [or Gravity being a Virtue diffuſed, &c.] When we compare 
Gravity to Light and Heat, we would not be underſtood to derive their 
Effects from the ſame Cauſe ; or to aſſert, that all Sorts of Attractions in 


Bodies have the ſame Laws, ſince the Attraction of Coheſion , and the At- e e 
traction of the Loadſtone , do not act in that Manner: But here we only +1 . 


ſpeak of the Attraction of Gravity, whereby the Bodies about us are driven 
towards the Earth, and the Earth and Planets are driven towards the 
Sun; which Attraction is called alſo a Centripetal Force: And whatever be 
its Cauſe, its Laws above mentioned have been diſcovered by Obſervations 
_ Experiments, which have always concurred to confirm the Theory of 
ravity. | | | 

In order to have a clear Notion of the Effects of Gravity, or the Centripe- 
ta! Force, we muſt conſider it in three Reſpects: Either in reſpect to the 
Quantity of Force in the Central Body that attracts others, (or towards Which 
Circumambient Bodies tend) which is called the Abſolute Force; or in reſpect 
to 


+ : 


— ——— • —ꝓͤ — nm a2 


— — — 


SE SS == 


— 


23 — 
— — 
— — — 


"as. — 
* 
— 
— — 


* 
Wy —- 
— — — 3 — 


Det = 
* 7 — CY 
E. 


_ . 4 9 — — py — * 
— Loy 8 - r I 
— - 8 — — = — 0 $f — 
2 2 U 
4 * 7 S — - %-* —— 
— 2 K Pos 2 
— . — 
- S r ___ — 
E 1 er = 2 — 
— . — — — 
_ —— - — — 3 
» 


— 


— - 


— — 


= 


— — 


— 


— — — TH "+ + 2 = — - 
— 2 * — — —— 8 G — 8 — 
- C 2 — — — : — > — — PE 
8 e 25 . 2 
. 9 = — 
— — — 1 = — — © 
— —— FRF. — 0 
g * — 5 =4 25 
, * eo "Bog 
- 1 — —.— — wang 25 2 
—— 1— — — — — 
8 


. 
= 2 — ; =.&- > * -L pou OS > us £ 
, - OE en nog: — —— —— : s 
* —_— : _ © - * 5 K. 
— A. * wa — » 
0 : OS, - —— a . 
+ 2 ; 8 a = = 
* 7 —— ů —— —̃ v—Ä— — ——.— 
—— En = = = * — — 
- <1 —— 7 — _ 
— — — 3 2 — oY - 
3 — — — 1 2 . 
A * 2 * = — — a 


— - — — 
— — ey 
— — — — _ . = _—y * 
San: vas ts: — wg. 4 
—— ——— — SS < 2 
— . — — a4 — — Is — 
. 


my 


Annatat. to the Velocity with which other Bodies move towards the Central one, 
Leck. J. 


Motion in the ſaid Bodies, when compared with each other, which is pro- 


® Lect. 4 


No. 17. 


only twice as denſe) it would have twice the Abſolute Force. 
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which is called the Accelerating Force; or in reſpect to the Quantity of 


portional to the Obſtacle that they are ou to remove, and is called the 
Moving 


Force. 

The Abſolute Force is oroponzonable to the Eficaby' of the Cauſe that 
ſpreads its Virtue from a Center round about. So if the Earth had W_ 
the Quantity of Matter that it has now, (whether it was twice as big, o 
Thus ch 
Moon has near forty times leſs Abſolute Force than the Earth, becauſe it 
has almoſt forty times. leſs Matter. Its Bulk indeed, (which is as the Cube 
of the Diameter) is almoſt fifty times leſs than that of the Earth-; but then 
it is denſer in the proportion of 21 to 17. See Sir Jaac Newton's Tg, 
Book 3. Prop. 37. Corol. 3. | 

The Accelerating Force is expreſſed by that Velocity generated in a given 
Time, with which Bodies (conſidered as Phyſical Points) move towards 
the central Body attracting them by its Abſolute Force. And this Accele- 
rating Force is greater or leſs according to the Diſtance of the Center of 
the J orce, in the reciprocal duplicate Proportion above mentioned *. Thus 
is the Gravity, that makes Bodies tend towards the Center of the Farth, 
greater in Vallies than on the Tops of high Mountains; greater at the 
Foles than at the Equator, which is ſeventeen Miles higher; and greater 
at the Aquator than at greater Diſtances from the Globe of the Earth: 
For the ſame Body, which, near the Surface of the Earth, falls ſixteen Feet 
in the firſt Second of its Fe all, would fall but four Feet in the ſame time, if 
it began to fall at the Height of 4000 Miles from the Surface of the Earth, 
or two Semidiameters Diſtance from its Center. At equal Diſtances the 
Accelerating Force is the ſame every where : becauſe all Bodies large or 
ſmall, heavier or lighter, (abſtracting from the Reſiſtance of the Air,) are 
equally accelerated in their Fall F. 

The Moving Force is proportional to the Quantity of Motion, which, 
the Abſolute Force of the central Body generates in a given Time, in the 
Bodies that it acts upon. Though in reſpect of the Earth, we conſider the 


biggeſt Bodies that are attracted by it (and even the Moon it ſelf ) as Phy- 


ſical Points; yet when we compare the Bodies with each other, we muſt. 
have a Regard to their reſpective Quantities of Matter: for Bodies that 
have the ſame Accelerating Force, or move with the ſame Velocity; have 
their Quantities of Motion greater or leſs, as they have more or leſs Mat- 
ter, or as they are more or leſs heavy; becauſe the Moving Force of a 
Body is made up of the Sum of the Actions of the Accelerating Force of 
all its Parts, and conſequently it is found by multiplying the Quantity of. 
Matter into the Accelerating Force; as the Quantity of Motion in Bo- 


oo! is found, by multiplying their A, or their EN. nee thete Ve. 
ocity. 


Hence 


A Courſe of Experimental Philoſophy. 33 


Hence near the Surface of the Earth, where the Gravitating or Accelera- Annotat. 
ting Force on all Bodies is the ſame, the Moving Force or Weight is as the Lect. I. 
Body: But if we aſcend to Places where the Accelerating Gravity is leſs, www 
the Weight will alſo be diminiſhed and become as the Maſs of the Body 
multiplied by the Accelerating Force. Thus if a Weight of one Pound and 
a Weight of four Pounds begin to fall near the Surface of the Earth, their 
Moving Forces will be as 4 and 1; for if we take 16 for the Accelerating 
Force, equal in (and common to) both, 16 times 4, (or 64) will be juſt 4 

times as much as 16, (or 16 times 1.) But if the four Pound Weight was 
removed to the Height of 4000 Miles, or two Semidiameters from the Cen- 1 
ter of the Earth, its Moving Force then would be juſt equal to that of one 95 
Pound at the Surface of the Earth; becauſe the Accelerating Force being four 
times leſs at twice the Diſtance from the Center, 4 times 4 or 16 would then 
expreſs the Moving Force of the heavier Body. 

If the one Pound Weight was placed at the Diſtance of two Semidiame- 
ters, its Moving Force would be 16 times leſs than that of the four Pound 
Weight at the Surface of the Earth. „ | | 

A clear Idea of theſe three Forces will ſhew the Reaſon of ſome Phæno- 
mena, which would otherwiſe be hard to explain : As for Example, we have 

already ſaid, that the Earth has near forty times more Matter than the 
Moon; and yet Bodies on the Surface of the Moon weigh but three times 
leſs than they do on the Surface of the Earth, though the Moon's Abſolute . 
Force be forty times leſs. But to ſhew that this is a neceſſary Conſequence 
of what has been ſaid, let us examine this Matter by Numbers. | 

Let * T AB repreſent the Earth, and L the Moon, A B a Diameter of * Plate 3. 
the Earth, and 5d a Diameter of the Moon (which are to one another as *'S: 1. 
the Numbers 365 and 100) and let the Lines CE and ce be each equal to 
a Diameter of the Earth. Now if we ſuppoſe a Body placed at E, whoſe 
Weight or Gravity towards the Earth is there equal to 9,8427 Pounds; 
the fame Body placed at e, juſt as far from the Center of the Moon, as it 
was before from the Center of the Earth, will weigh towards the Moon L. 
but 0,25 Pound, or a Quarter of a Pound; becauſe the Maſſes or Quantities 

of Matter in thoſe two Bodies, and conſequently their Abſolute Forces, are to 
one another as theſe-Numbers, or as 39,721 to 1, which are in the ſame, 
Proportion. Newtoni Prin. Lib. 3. Prop. 37. Corol. 4. . 

Then if the Body above-mentioned be placed at A, diſtant from the Center. | 

of the Earth but a Semidiameter, it will + weigh towards the Earth four 4L,. Ne. 15. 
times more than it did at E, or 39,721 lib. and at @ it will weigh towards 
the Moon 1 lib. or 4 times more than it did before, for the ſame Reaſon. 
Now if the Moon, without any new Addition of Matter, was ſo expanded or 
rarified, as to fill up the Sphere m a, which is equal to the Globe of the 
Earth, then the Point à would be on the Surface of the Moon, as the, 
Point A is on the Surface of the Earth; and in that Caſe the Weight: of 
Bodies on the Surface of the Earth would be to the Weight of Bodies on 
tne Surface of the Moon, preciſely as the Quantity of Matter in the 
Earth, to the Quantity of Matter in the Moon; and conſequently as their 
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Annotat. Abſolute Forces. But as the Moon is leſs in Diameter than the Earth, when 
Le&, I. the Body that weighed 1 lib. at à comes to be placed on its Surface at 
., it will be nearer to the Center of the Moon than it was, in the Pro- 


2. i. No. 15. 


of a (365 x 3652133225) ſo is 1, or the Weight of the Body placed at a 


227512 times more than that of the Earth, Bodies weigh only 24, 4 times 


4 Plate 3. 
Fig. 11. 


round about deſtroying one another. This is evident, if the Body be 


tracting Particles at K L than at HI; but HI being twice nearer to the 


\ 


4 Courſe of E xperimental Philoſophy. 


portion of 182, f to I or 365 to 100, and therefore“ it will then weigh 
13,3225 lib. for as the Square of cd (ro0x 10c=10000) is to the Square 


to 13,3223, the Weight of the ſame Body upon the Surface of the Moon; 
which Number being very near the third Part of 39,371, ſhews, that Bodies 
on the Surface of the Moon weigh about a third Part of what they do on 
the Surface of the Earth. hich was to be demonſtrated. | | 
Hence it follows, That Bodies weigh more on the Surface of the ſmall 
Planets, in proportion to their Quantity of Matter, than on the Surface 
of the larger. Thus upon the vaſt Globe of Jupiter, whoſe Quantity of 
Matter or Abſolute Force is 220 times greater than that of the Earth, Bodies 
weigh but twice as much as they would do upon the Surface of the Earth. 
And upon the immenſe Body of the Sun, whofe Quantity of Matter is 


more than they do upon the Surface of the Earth. 

Hence follows alfo, that in reſpect of any Planet or central Body, as for 
Example, the Earth, the Weight of Bodies gravitating towards its Center 
is greater on its Surface, than at any Diftance without it, or any where 
within it, though nearer the Center. For if the ſame Body which at A 
weighed 39,371 lib. ſhould be brought to D, a Point within the Earth as 
near to C the Center of the Earth TAB, as dis to c the Center of the 
Moon L, it would not increaſe its Weight towards C 13,3225 times, as it 
does when removed from à to d; but it would diminiſh it in the Propor- 
tion of 365 to 100, becaufe that Part of the Earth towards the Surface 
between D and A attracts back the Body towards A. | el 

The juſt Proportion of this Decreaſe of Gravity is determined by Sir Iſaac 
Newton, Lib. 3. Prop. . to be always as the Diſtance from the Center, 
going from the Surface downwards : And as the Principles from which it 
is deduced are very evident, I ſhall repeat them here. 

If there be a concave ſpherical Surface, whoſe Particles attract according 
to the Laws of Gravity above-mentioned, as IHK L, any little Body 
within it will remain at reſt where-ever it is placed, the Attractions 


placed at C in the Center. And if the Body be placed at P as near again 
to HI as to KL, the fame thing will follow ; fr let the Lines IK and 
K L, be drawn, and it will be evident that the ſpherical Segment between 
K and L. will be four times greater than the Segment between I and H, 
becaufe K L. is equal to twice HI; therefore there are four times more at- 


Body P, attracts it four times as much, which makes amends for the fewer 
Particles contained in the leſſer Segment : for the Product of the Abſolute 
Forte of H I (1) multiplied into its Accelerating Force (which here is 4) i 

1 


— 
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equal to the Product of the Abſolute Force of KL (4) multiplied into its Annotar. 
Accelerating Force, which is but 1. This will bold good in reſpet# of any other Lect. I. 
Part of the Surface or Poſition of the Corpuſcle: And if the Corpuſcle be pu 
into Motion, it will go on uniformly in the concave Sphere, as if it was not at- 
iraFed at all. If inſtead of a Surface there was a Shell of any Thickneſs, 
as ABHIKL*, every thing elſe would remain as before aſſerted, provided * Plate 3. 
that Shell was every where of the ſame Thickneſs and Denſity. Fig. 12. 
If the Hollow HI KL be filled with a ſolid Sphere, and the Corpuſcle 
be placed at P., it will be attracted towards the Center C only by the Force 
of the inner Sphere HIKL; for the attractive Forces of the ſeveral Parts 
of the Shell deſtroy one another, as has been ſhewn before. If the Corpu- 
{cle be removed to Q, it will be only attracted by the Sphere QR. Let un | 
ſuppoſe the Abſolute Force of the whole Sphere A B=64 ; the Lines B C, — = OM 
PC, and QC, as 4, 2, and x; and the Accelerating Force of the Corpu- 
{cle at B to be= i; its Moving Force will of conſequence be 64. Now if 
the Corpuſcle be brought to P (as near _— to the Center of the Forces) 
its Accelerating Force will be 4, but then that Number muſt only be multi- 
plied by the Ab/olute Force of the Sphere HIK L, which being twice les . 
in Diameter than the Sphere A B, is eight times leſs in Solidity, and there- 
fore its Abſolute Force will be but 8; which multiplied into the Accelerating 
Force 4, gives only 32 for the Moving Fofce of the Corpuſcle at P. If the 
Corpuſcle be brought to Q, four times nearer to C, its Accelerating Force 
will be 16; which being multiplied by 1, the Abſolute Force of the Sphere 
Q (which is four times teſs in Diameter than the Sphere AB) will give 16 
for the Moving Force of the Particle at Q Now ſince the Moving Forces, 
whereby the Corpuſcle or Particle at B, P, and Q gravitates towards the 
Center C, are as 64, 32, and 16, and the Diſtances from the Center are 
as 4, 2, and 1; it follows, That going from the Surface of a Planet down- 
wards, the Gravity decreaſes directly as the Diſtance from the Center. Which 
was to be demonſtrated. | | | | 
To apply this to what we ſaid before; if we conceive a Globe CD with- | 
in the Earth T equal to, and equally denſe with the Moon; the Body + Plate 4, 
which at A weighed 39,721 #6. will at D weigh juſt 13,3225 Pounds, as Fig. 10. 
it would do upon the Moon's Surface, | 


12. 18 -F @ Cube of an Inch, &c.] As in the Bodies ſhined upon b 
we only conſider the Surfaces enlightened; the Experiment may be made 
with ſimilar Pieces of Paſteboard expoſed to the Light: As for Example, a 
Circle, a Square, a Pentagon, or any other Polygon of an Inch Diameter 
a Foot diſtant from the Candle, will receive the ſame Quantity of Light 
that falls upon a Circle, Square, or Pentagon, Sc. of two Inches Diameter 
at two Foot from the Candle, or the like Figures of three Inches Diameter 
at three Foot from the Candle ; where we are to obſerve, that the Strength 
of the Light is diminiſhed in the-ſame Proportion, as the Area of the Fis 
gures is increaſed : that is, here at the Diſtances of 1, 2, and 3 Feet, the 

| F 2 To Strength 
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Ae. Seen of the Light will be as 9, 4, 13. -which \ we call a reciprocal Dus 
Left. I. plicate Proportion of the Diſtances, 


* plate 3. 
Fig. 13. 


+ Plate z. 
Fig. 14. 


* Fig. 15. 


T. Fip. 17. 


* Fig. 18, 


\ 


or any other Point in the Circumference of either of them, becauſe the 


being as many Points as three Spheres can touch one another in. See 


ſame Reaſons come into the Poſition A, F, B, G, ſuppoſing their Centers all 
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13. Laue the Wood is more ſolid, &.] If we make als of a Glue 
whoſe Parts are finer in proportion to thoſe of the Wood to be joined to- 

gether, it will hold as faſt as in ſofter Wood ; as is experienced, when Hard 
Wood is glued with Fiſh-Glue diffolved in Sptrit of Wins, 


14. [19 - The Figure of any Portion of a Fluid, &c. ] When two ſmall - 
Drops come to touch one another, they firſt become oval, and then im- 
mediately ſpherical. Now when the Drop is of an oval Figure, the Preſ- 
ſure of an external Fluid acting upon it from all Parts cannot alter the Fi- 
gure of the Drop, ſo as to bring it to be round; neither. can it make it flat- 
ter, as ſome have imagined, who have aſſerted, That if there was no . 
Attraction of the Particles of the Liquor, but only the Preſſure of an exter- 
nal Fluid, an oval Drop would be more preſſed againſt the Ends of the 
ſhort Diameters, than againſt the Ends of the long one, or of the Drop, 
which would cauſe it to be lengthened. But I ſhall. not make uſe of this 
Argument, becauſe it is a Fallacy ; as will appear to ſuch as will be at the 
pains to conſult Sir I/. Newton's Principia, Lib. 2. Prop. 19. where it is de- 
monſtrated, that if any Portion of a Fluid be preſſed by the ſame or any. 
other homogeneous Fluid acting from all Sides, that Portion will not have 
its Figure altered oy: that Preſſure. 


15. 119 bereas from a mutual Attraction of the-little Globules, &c.] 5 
If two ſimilar and equal Globules A and B * attract one another and touch 
at C, they will remain at reſt; as they would if they touched at E or at D, 


Contact would ſtill be the ſame: And therefore a very {mall Force will re- 
move B from its Contact at C to E, or any other Point of the Circumference 
(or rather of the Surface of the Sphere) CED: becauſe in going round one. 
Globule, it ſtill continues to touch it as much as it did before, | 

If chere be three Globules A, B, F, + touching one another in ſuch man- 
ner, that their Centers are in the Line a b, they will remain in that Poſis 
tion; but if any one of them be moved out of that Poſition as F*, it will. 
not remain at F, but move on toward C, where the other Globule A 
will meet-it; fo that each of the three Globules will touch in two Points, 


Fig. 16. 
If there be four Globules in the Poſition g A, B, 7, 4 they will for the 


in the ſame Plane; but if any one of thern, as F, be lifred up, it will not 
reſt till it comes to c, and then the Spherules will touch each of them in 
three Points. Hence it-is, that when two Drops of Water or any other 
Liquor coming to touch one en make up the Spheroid à c d 1 fo 

. | they 
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_ they will not preſerve that Figure, but run into the Sphere eg d e bf, that Annotat. 

: there may be the greateſt Contact poſſible between the Globules of which Lect. I. 

the Sphere or new Drop-is made up. | „ p hag 
Now becauſe -it may be thought unmathematical to draw Conſequences 

from the Figure of the Parts of Fluids, without having firſt demonſtrated 

that they are ſpherical z I ſhall here ſubjoin another Proof of the Roundneſs 

of the Drops of Liquors, without having any-Regard to the Figure of the 

Particles of which they are compounded. | 7 


Let“ AB DE be a Portion of an homogeneous Fluid whoſe Parts attract? Plate z. 
one another, and whoſe Figure is not ſpherical. If in ſuch a Fluid we ſup- Fig. 19. 
poſe a Syphon as A CE (or which is the ſame thing, if all the Fluid ſhould 
be frozen, except the Canal ACE) whoſe Legs A C and CE are unequal, 
and meet at C the Center of the Fluid, towards which there is the greateſt 

Attraction; the Fluid.will'run out at A in the Leg AC, till it be come 
down as far as g in the Leg CE, ſuppoſing C g equal to AC. But if the 
Leg AC be lengthened as far as c, then the Fluid will only come down 
as far as e in the Leg CE, and at the ſame time riſe up to à in the Leg 
Ca, Ca being equal to Ce. „ 5 

If ſuch another Canal or Syphon be ſuppoſed at BC, the Fluid in it 
will come down from D to d, and riſe from B to 5. And ſince ſuch Sy- 
phons may be ſuppoſed all over the Fluid AB DE, that Fluid by the At- 
traction of its Parts muſt needs be reduced to the ſpherical Figure à 0 d e. 

Which was to be demonſtrated. | | BEE 


16, [ 20-——aving moiſtened, &c. two Glaſs-Planes, &c.] This Expe- 
riment of the Drop of the Oil of Oranges, having been made by the late 
Mr. Haukſbee, in the manner that Sir [aac Newton relates it in the 
third Part of his Optics (Query the laſt, towards the middle) that incom- 
parable Philoſopher has calculated the Force of the Attraction, and ſays 3 
That where the Oil-of Oranges, between the two Glaſs-Planes, is of the 
© thickneſs of three Eighths of the ten hundred thouſandth Part of an 
Inch, the Attraction (collected by the Rule given in the Table of the 

ſecond Part of the ſecond Book) ſeems to be ſo ſtrong, as within a Circle 
of an Inch in Diameter, to ſuffice to hold up a Weight equal to that of 


a Cylinder of Water of an Inch in Diameter, and two or three Furlongs + 
in length. : | | | 


17. [20——The :Attraftion muſt increaſe- continually as the Planes come 
nearer, ] There are ſix Properties to be obſerved in the Attraction of theſe 
Glaſs-Planes. | | | | . 
Let + the Point O (the Center of the Drop) be at equal Diſtances from 4 Plate 3. 
the Glaſs-Planes Qm, Qn; and let the Radius O 5 expreſs the greateſt Fig. 20. 


Diſtance at which the Places of Glaſs Qn, Qu can have any Effect upon 
the Point O. It is plain, | „5 "a 
| Firſt, * 


4. 
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Annetic. Firſt, That at its greateſt Diſtance fam the Point Q, there will hs no 
LeR. I. greater a Part of the Plate of Glaſs, than a Circle whoſe Diameter is c 4 
e within the Sphere of Attraction, or whoſe Parts are able to attract the 
Point O, all the other Particles being at too great a diſtance. Secondly, The 
Force of the Attraction of the Points of che Circle of Glaſs which are 
neareſt to the Point O, is alſo the greateſt. Thirdly, The Sum of the at- 
trafting Particles placed towards Q, and which are contained in the Seg- 
ment of the Circle of Glaſs, whoſe Arc has /c for its verſed Sine, is grea- 
ter than that of the attracting Particles contained in the oppoſite Segment, 
in the ſame Proportion as the firſt Segment exceeds the other, becauſe of 
the Angle made by the Planes at Q. Fourthly, The Direction of the At- 
traction of the Points, that are at the ſame diſtance from O, making all along 
the Line QR an Angle at O, more acute towards Q than towards R, the 
Point O will advance towards Q with an accelerated Velocity. E /thly, As 
the ſaid Point O advances towards Q, the Diameter of the Circle of Glaſs 
whoſe Particles can attract the Point O will be increaſed, (as g d is greater 
than cd) and conſequently the Circle alſo; which will cauſe the Drop of 
Oil to ſpread more and more upon the Planes of Glaſs, between which it was 
placed. Sixtbiy, The Drop or Point O will advance towards Q, with a 
Velocity always accelerated with greater Forces; becaufe the Angle g O b 
becomes always more acute in reſpect to the Angle 4d O q in proportion as 
the Chord g d becomes greater than the Chord c d, which makes the Baſe 
g h always leſs in reſpect of the Baſe 4 q, whilſt the Sides of the two Trian- 
gles always remain equal; and conſequently the Angle g Oh, is always leſs 
in proportion to the Angle 4 O 4; which continually increaſes the F orce f 
Attraction towards Q by the following Demonſtration. 
* Plate 3. Let the“ Angle abc be divided into equal Parts by the right Line 5; u, 
Fig. 2. and about the Centers t, u, taken at pleaſure upon that Line, draw the equal 
Circles g h Ei, acm; I ſay, that if through the Points of Interſection, 
the Chords ac, Im, g b, i t, be drawn; Im will be greater in proportion 
to a c than i è in proportion to g h. From the Point 6 draw the Tangents 
bſp, brq; and from the Point u for a Center draw between the ſaid Tan- 
gents the Circle eon d, and join ed, 10. 
The Segments de, g b, are ſimilar, as well as 110, i K, as alſo are che Arcs 
op e, k ſb, which makes i: n:: g: de, andił : g:: no de. Now 
I is greater than uo, and on the contrary ac is leſs than de; therefore 
Im compared to ac is greater than i ꝶ compared to g: Which proves the 
fixth Property of the two Glaſs Planes that touch at one End and are opened 
to a ſmall Angle at the other. 


18. [23——Tbe Reaſon of theſe 1 &c.] Dr. James Furin, Se- 
cretary of the Royal Society, has made a great many curious Experiments of 
this kind, of which he gives an Account in Phil. Tranſ. Numb. 355. where 
he ſhews in what manner the Attraction of Coheſion operates to raiſe and 


ſuſtain Water in, ſmall Tubes, and ſuch Spaces between ſolid Bodies as are 
analogous to ſmall Tubes. 
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Quickſilver attract Duickfilver more than Glaſs attrafs it, Annotat. 


&c.] Some have been apt to imagine that Quickſilver and Glaſs repel one Lect. IJ. 


another, becauſe it does not in theſe and ſeveral other Experiments appear 


to ſtick to Glaſs; but that it is really attracted by Glaſs (though ſo much 
leſs than by it ſelf, as to make it ſeem to be repelled) will be ſhewn by giving 
an Account here of ſome more Experiments relating to the Attraction of 
Coheſion, which the above-mentioned ingenious and learned Gentleman 
made with Glaſs and Quickſilver. LT. | 


Exrznxriment |. 
Quickfthver is attracted by Glafs. 


If a ſmall Globule of Quickſilver be laid upon a clean Paper, and be 


touched with a Piece of clean Glaſs 3 upon drawing the Glaſs gently away, 
the Quickſilver will adhere to it, and be drawn away with it. And if-the 
Glaſs be lifted up from the Paper, the Quickſilver will be taken up by it, in 
the ſame manner as a Piece of Iron is drawn by the Loadſtone, and will ſtick 
to the Glaſs by a plane Surface of a conſiderable Breadth, in proportion to 
the Bulk of the Drop, as manifeſtly appears by an ordinary Microſcope. 
Then if the Glaſs be held a little obliquely, the Drop of Mercury will roll 
ſlowly upon its Axis along the under Side of the Glaſs till it comes to the 
End, when it will be fuſpended as before. | 


ExyzriMaNnrT II. 


If a pretty large Drop of Mercury be laid upon a Paper, and two Pieces 


ef Glaſs held edge ways be made to touch it, one on each Side; upon draw- 
ing the Glaſſes gently from each other, the Drop of Mercury will adhere 


to them both, and will viſibly be drawn from a globular to an oval Shape; 
the longer Axis paſſing through the Middle of thoſe Surfaces, in which the 
Drop touches the Glaſſes. | | | 

The Particles of Quickfiluer are more attracted by one another than by Glaſs. 
For the Proof of this, ſee Le#.1. No. 24, 25, 26, and thoſe other Experi- 
ments of Dr. Turin, 55 | 


ExPERIMENT III. Plate RY Fig. 22. 


Quick6ilver being poured into the inverted Syphon A CB, one of whoſe 
Legs AC is narrower than the other CB; the Height CE, at which the 


Mercury ſtands in the wider Leg C B, is greater than the Height C D, at 


which it ſtands in the narrower Leg CA. On the contrary, Water ſtands 
higher in the narrower Leg than in the wider, a 
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of a wooden Box. 
fze, which, at the End A C, is preſſed cloſe to the former, and opens to a 


EXPERIMENT IV. Plate 3. Fig. 23. 


ABCD repreſents a rectangular Plane of a Glaſs which makes one Side 
On the. inſide of this is another Glaſs-Plane of the ſame 


ſmall Angle at the oppoſite End BD. When Mercury is poured into this 
Box to any Height as C E, it inſinuates itſelf between the two Glaſs-Planes 


and riſing to different Heights between the Glaſſes, where the Opening is 


greater or leſs, it forms the common Hyperbola CG F; one of whoſe A- 


ſymptotes E F is the Line on which the Surface of the Mercury in the Box 
touches the inner Glaſs ; the other is the Line AC, in which the Planes are 


'ExPERIMENT V. Plate 3. Fig. 24. 


AB is a perpendicular Section through two Glaſs-Planes joined at A, and 


opened to a ſmall Angle at B; C repreſents a pretty large Drop of Mercury, 


the larger the better, which (being made to deſcend as far as C, by holding 


the Planes in an erect Poſture, with the End A downwards) retires from 


the Contact of the Planes to D, upon inclining the Planes towards an hori- 
zontal Situation; and the Diſtance CD becomes greater or leſs, as the 


Planes are more or leſs inclined towards the Horizon. 


20. [30 —-As the Cube and a quarter of the increaſed Diftance—the Magne- 


tical Attraction, &c.] That excellent Philoſopher Dr. Brook Taylor made 
ſome Experiments with a touched Needle and a large Load-ſtone that is kept 


in the Repoſitory of the Royal Society, which, when made at ſome Diſtance | 


from the Stone, agreed very well with this Aſſertion; but near the Stone, 


the magnetick Virtue did not ſeem to act according to thoſe Laws, which 


might be owing to this, viz. That that Stone rather ſeems to be an Aggre- 
gate of Load · ſtones joined together by a petreous Subſtance not magnetical. 
For, ſince that Time, by ſome Experiments made upon it, I found that it 
had 15 Poles (if I may uſe that Expreſſion) or Points where the Attraction 
was ſtronger than any where elſe ; which Experiments, and ſome others 
made upon weak Load-ſtones, made me imagine that every Load-ſtone 
had ſeveral Poles or Points of Virtue on the North ſide, and ſeveral on the 


South ſide; whoſe Virtues being collected by the Iron wherewith the Stone 


is armed, made an armed Load-ſtone ſuſtain much more Iron or Steel than 
the ſame unarmed. But by Experiments made ſince, with ſome good Load- 


ſtones, eſpecially with a Stone of about ſix Qunces, belonging to the Right 


Honourable the Lord Paiz/ey (one of the beſt in the World) I found that a 


good and homogeneous Load-ſtone has but two Poles. 


Dr. 
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Dr. Petrus var Muſchenbroek, the ingenious Profeſſor, of Atronomy, &c. Annotat. 
at Utrecht, has with indefatigable Pains and Application, made Experi- Lect. I. 
ments of the Attractions and Repulſions of Load-Stones, in reſpect to. 
Iron, and to each other; but could never find any regular Proportion in S 
the Increaſe of Attraction in their Approach to, or Decreaſe of Attraction 

in their Receſs from, one another ——only, that the Force of the mag- 

netic Virtue did increaſe in the Approach to, znd diminiſh in the Receſs 

from, the Stone; but not exactly at the Diſtance, nor as the Square or Cube 

of the Diſtance, nor as the Square or Cube of the Diſtance reciprocally 
or in any Proportion reducible to Numbers; and therefore he very 
reaſonably conjectures, that the Repulſions and Attractions diſturb one an- 

| other, ſo às to confound the Proportion; nor are we to hope for any Rule 
concerning this Matter, till a way be found (if ever it can be) of ſeparating 

the attracting from the repelling Parts. I refer the curious Reader to his 
Diſſertation concerning the Magnet, which is very worthy every inquiſitive 


Philoſopher's Peruſal. It is printed at Leyden in Qarto, with ſeveral other 


* 


valuable Diſſertations of the ſame Author. 


21. [3 t. A repellent Power in Bodies, &c. ] See s' Gtaveſande's Introduction, 
Part I. from No. 40, to 44. When Light is reflected from a poliſhed ſpe- 
cular Surface of Glaſs, Cryſtal, or Metal; the Particles of Light do not 
{trike upon the ſolid Parts, and ſo rebound from them; but are repelled _ 
from the Surface at a ſmall Diſtance before they touch it, by a Power ex- 
WE tended all over the faid poliſhed Surface. See Sir Tſaac Newton's Optics. 
= Book II. Part III. Prop. 8. 8 „ 

The Rays of Light are alſo repelled by the Edges of Bodies as they paſs 
near them, ſo as to make their Shadows, in ſome Caſes, larger than they 
would otherwiſe be. See the ſame Author, Book III. Part I. where he like- 
vviſe proves this repulſive Force from other Phznomena. © 
22. [37.—Tbe ſame Part of the Tube will not ſnap or give Light twice o- 
gelber, in the ſame Place, without a new Friction. By cauſing the Tube 
do ſnap at the Approach of the Fingers, or any other ſolid Body near it, the 
Hlectricity of it in that Place is alſo deſtroyed; from which we may eaſily - 
= olve a Phenomenon mentioned by Dr. £Graveſande in his Introduction, 

Vol. II. Ne. 554. Theſe are his Words: | | 
There is one thing remarkable and very hard to explain in this Expe- 
riment, concerning the Direction of Attrition; when you rub the Tube, 
© one End 1s held in one Hand, whilſt it is rubbed with the other; which 
WW © it it be done from the Hand that holds towards the other End of the 
Taube, the Effect will not be ſenſible; but if you rub from the free End 
Hof the Tube towards the End held in the Hand, the contrary will hap- 
| © pen. And this happens indifferently whether you hold the open or ſhut 
* End of the Tube in your Hand. : 

To explain this, let us examine the Experiment by help of the foth 
Figure of Plate 2. A is the Right Hand that holds the Tube, and B the 


Leſt Hand that rubs the Tube, which, after moving up and down ſeveral 
Yoh 4 G times, 
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naotat, times, makes an end of the Attrition by moving in the Direction CBA, 
Leet. I. the ait Stroke: Then the Tube brought near light Bodies (Plate 2. Fig. 11.) 
— — gives Nr to them. If, the laſt Stroke in rubbing be made by the Mo- 
dilon of the Hand, from A to C, and the Hand B that went up to C quits 
the Tube in the Direction C D, without coming near it again, or letting the 
Coat: ſleeye come near it, the Tube will act upon light Bodies with the ſame 
Vigour as before. But if the Left · Hand, after it is come off at C, is brought 
down again careleſsly, in the Direction CE, in a Line parallel to the Tube, 
and pretty near it, either the Hand or the Coat · ſleeve coming down too near, 
. the Tube, to ſnap (which is not heard without Attention) and ſo de- 
ſtroys the Virtue excited by Attrition, in the whole Length of the Tube; 
as the Hand, A (Plate 2, Fig. 13.) does in the Place A where it cauſes a 
 Snapping, which, as I ſaid before, will not happen twice in the ſame Plate, 
without a new Friction. EL ee 


ez. [41 —A Glaſs Clube whirled, &c.] I cannot forbear mentioning 
ere a very lurprizing Phenomenon in one of Mr. Hawkſbee's Experiments. 
He coated with Scaling-wax the Inſide of one Hemiſphere of one of his Glaſs 
Globes to ſuch a Thickneſs, as to render it perfectly opaque: Vet wben this 
Glaſs was exhauſted of its Air, and whirled round; where the Hand was 
applied on the Outſide to give an Attrition to the Globe, the Wax became 
as tranſparent as the Glaſs it ſelf; the reſt of the Globe that had Wax re- 
maining opaque, where it did not touch the Hand, though the Moment 
before it had been tranſparent as it paſſed under the Hande. 
A View of the 25th Fig. of Pl. 2. will repreſent the Thing fully. 
1 he Hemiſphere. AB of the Glaſs Globe GACB is made opaque, by 
being lined with Wax on the Inſide, whilſt AGB is clear Glaſs: The Glaſs 
is exhauſted of its Air by means of the Cock D; then being, ſet between 
the Pillars EF, it is whirled ſwiftly round by means of the Wheel K, whole 
String goes round a Pulley P fixed to the Braſs Socket, whoſe Shank is the 
Axis of the Globe. The Screw H draws forward the other Pulley I, to keep 
REP ̃ HH... ß m 3 att ic act of 
When the Hand is applied at C, its Inſide becomes viſible, through the 
Wax on the concave Side of the lined Globe, the reſt of the Wax remain- 
ing opaque; fo that the Hand cannot be ſeen by an Eye at Q, but by an 
Eye at © looking at it through the unlined Part of the Glaſs at G. 


Mr. S$tepben Gray, who has made greater Variety of electrical Experi- 
ments, than all the Philofophers of this and the laſt Age; has, fince I be- 
gan this Book, found out ſeveral new Phænomena in Electricity, the Parti- 
culars of which may be ſeen in the Phloſophical Iranſactions, Ne. 4%. 
But for the ſake of ſuch, as may not have an Opportunity of ſeeing the 
Tranſattions, | will give a general Account of his Diſcoveries. |, |, © 
1. That all ſuch, Subſtances as cannot be made electrical by rubbing, 
may yet receive an electrical Virtue (as is viſible by their attracting and 
repelling Leaf - Gold) from a rubbed Glaſs Cane (whether ſolid or hollow) 
oY \ {+ OL 


3 


ROQ DC 


bs on ie Senta with tue Tube, b ll the enen of” Stting 
to very great Diſtances, as for Example, of above 866- Feet. "Nay if the Lect. I. 

| Tube ders not taueh, but is voy Tone. DFar, the Strings the electrical — 
Virtus, will run along... Ang W hat. Is, ver renfarkable, as the Virtue F ru 

along an kempan 0 8 that. Serty im 1h e for JAY by. Hair, or mk 


4 ines; h Ines DP. or, E or . en Wife, 1 8 the Pro- 
Pane of the V1 irtue to Biß nge, by rece ivitg it Hates 
| ry, large Surkacey bn as Mac Table lot IS, "wc." rs impregnated 
ws et Efflatia. .... e 
3. A Load, Stang, ang Iro hanging at 7% will receive 'the electtten Vi- 
90 Cr 9 5 therefore is not diſturbeqd by magoetick Efflavia, 
he EleQricity, Wil be garried. Texeral Ways at the 17 the inte, With. 
. Cl ing the String of Com ON bl [ » Tub 35 28 to two Balls 
of Ivory at che 2 5 —— very. s Sulde eb Cul We fy J 1 Abe near the 
Middle of the Strin . 
3. The ledirical Py received'i is not. pre oportionable to the e 
tity of, Matter ia et 2 ſolid and an gh -ube, of Wood attr 
the och much AS, hg G 
ffluvia are a I” carried round ir 21 A Gt and komtborlestes 
from one Circle to another. 
7. This Virtue will be communicated to LETS of Trees; nay, « even to 
Fluids, as to Bubbles of ſoaped Water. 
” Animals alſo will receive this Virtue. A Man ſuſpended hotinanually 
by two Hair- Lines, attracts and repels Leaf-Gold with his Face and Hands, 
if the Tube be rubbed near his Feet; nay, at the End of a long Fiſhing-Rod 
held in his Hands, a Ball will attract and repel. It is remarkable, that the 


Virtue is ſtrongeſt at that Part of the impregnated Body, which is fartheſt 


from the Tube; for if the rubbed Tube be held over the Head, not the 


Head, but the Face will then attract, and ſo vice verſa. If the Man but 


juſt touch the Floor with a fmali-Cane or Wire, the Virtue runs to the 


Floor, and the Man is no longer electrical. So hanging by an hempen 


"3 carries away the Virtue to the Cieling. 


If two Boys be by Hair-Lines ſuſpended 28 above, and at a conſide- 


1 Diſtance from one another, the Virtue may be communicated from 
the one to the other by a String, which both hold, or tied to their Clothes; 


the Electricity being always ſtrongeſt in him, who is at the greateſt Diſtance 
from the Tube. 


10. Mr. Stephen Gray has found ſince, that if a Man ſtands upon a Cake 


of Roſin, or of Glaſs, or of ſome other Subſtances, which are of them- 
ſelves electrical, or become ſo by rubbing ; the Effect will be the ſame as if 

he hung from a Hair-Line. So that if a whole Regiment of Soldiers were in 
a Line, and each Man ſtanding upon a Cake of Roſin held the next by the 
Hand, or only communicated with him by a String, 1 do not doubt, but 
they might all be ſo impregnated with electrical Virtue, that when the Tube 


| ſhould be rubbed near the firſt Man, the laſt would with his Hand, Face, 


or Clothes, attract and repel Leaf-Gold. 
G 2 11. It 
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224. [42.—Though the Cauſes of theſe Cauſes are not known, &c.] When 
Genealogiſts, in ſearching into the Original of Families, are got as far as 
they can, and have found the firſt of the Family ſo called, becauſe they can- 
not diſcover who were his Parents; it would be very abſurd to ſay, that 

becauſe the Father of this Firſt, (which for example we will call Fobn) is 
not known, therefore Jobn is not the Father of Peter, the Grand-father of 
William, and Great Grand-father of Nicholas, &c.——Which was proved 
before, by ſuch Evidence as is proper in that Caſe. So when it appears by 
Obſervation that Gravity is the Cauſe of the Fall of heavy Bodies, whic 
obſerve certain Laws in their Motion That a heavy Body by its De- 
ſcent moves the Axis of a Wheel, that carries round another by its Teeth, 
which by the Intermediation of other Wheels and Pinions, carries round 
a Hand upon a Dial-Plate to meaſure Time, or for other Uſes ; it wovld 
be very unphiloſophical to ſay——That our Reaſoning about the Cauſe of 
the Motion of the Hand is falſe, as being founded upon occult Qualities; 
| a we can go no higher than Gravity, whoſe Cauſe we don't pretend 
to know. J ]] RISTEOE: ES 77 FFT 
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LECTURE I. 


H E | ns or Nyantity of- Motion in Bodies (ſome- 
times called ſimply Motion) is that Force with which 
Bodies change their Place. 

I Don'T mean the Stroke, Preſſure, Traction, or any other Ac- 
tion which cauſes this Change of Place in a Body; but the Force 
Which it has all the while it is moving from one Place to another. 


2. Tuls moving Force may always be known by the Effect which 
it is able to produce; that is, by the Stroke which the moving Body 


can give, or by the NAGY or 1 which it 1s able to over- 
come; © © 


3. Tris Quay of Window, which is the Meaſure of the Force; 
is made up of the Quantity of Matter and the Velocity taken toge- 
ther: That is, when we compare the Momenta, moving Forces, 
or Quantities of Motion in Bodies, we multiply the Maſs or an” 
tity of Matter in each Body by its Velocity *. Ann. 1. 


4. Velocity or Celerity, is the Swiftneſs with which a moving 


| Body changes its Place; and may always be known by the Space 
that the Body goes through in a given 5/7 7oga 


8 Tur Quantity of Motion may be increaſed; either 5 Mereal⸗ 
ing the Quantity of Matter, which is moved with a determinate 
Velocity; or keeping the ſame Quantity of Matter, and increaſin 
the Velocity; or by increaſing both. And in the three Caſes it is 


done by applying more Fore; for here A af orce and Motion mean Ann. 2. 
the ſame thing. l 


6. Tur Motion of any Whole 3 is the Sum of che! Motion of 1 
the Parts; and therefore (as we ſaid before) it becomes doubled. 
in a double Body moved with equal Velocity, and quadrupled in 

a double Body moved with a double Velocity. 


7. Ir a Man with a determinate Force throws from wma Weight 
of 50 Pounds to the Diſtance of ten Feet; he muſt apply twice the 
Force to throw a Weight of 100 Pounds to the ſame Diſtance, or 
to throw the 5o Pound Weight twice as far: but if he uſes no more 
Force than, Us 355 We he will throw the 100 Pound Wome only 


do 


3 . 
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+ Plate 4. 
Fig. 1. 
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fame Quantity of Motion; becauſe 50 multiplied by io, or 100 
multiplicd by 5, giye the fame Product, dig. o . 
= I ; | YO, $ 


EXPERIMENT I. Plate 4. Fig. 4. 


8. ABCDE's an Inſtrument contrived for illuſtrating What has 
been aid, and diſtinguiſhing Motion and Velocity, which ſome 
Authors have confounded. The rabbeted Cheeks' BD, CE, are ſo 
contrived that the ſmooth cylindric Weight K or L. (the one of 8, 
the other of 4 Ounces) may move between them with very little 
Friction. Let the + Spring AB be bent to a certain Degree, by 
flipping the Knot G of the String faſtened to B upon the Catch of 
the Iron F; then lay on the Weight Lat B, which upon letting go 
the Spring, by lifting up the Knot, will be ſhot from ; to the Point 


I, which is 24 Inches from B. If the Cylinder K be ſhot in the ſame 


manner, it will go but to H 12 Inches from B. 


= 


Tua the Laney of Motion is the ſame in both Bodies, is 
evident, becauſe the Spring is equally bent in both Caſes; and that 
thoſe Quantities of Motion are made up of the Maſſes multiplied 
into the Velocities, is alſo evident, becauſe L = 4 Ounces x by BI 


8 


(24) its Velocity gives 96, equal to K (8 Ounces) x BH (12) its 
en 7 n ,,,, ß 


Bur if you would have K driven as far as the Point I, to which 


L was driven; the Spring muſt be bent with à double Force, and 


then K will have double the Motion that it had. N. B. This Expe- 


riment is made uſe of rather to illuſtrate this matter than to prove it. 


* plate 4. a 
Fig. 1. 


_ CaRE muſt be taken not to draw Conſequences from this Expe- 
riment ; becauſe the Succeſs of it will be different according to Cir- 


cumſtances. If the Cylindric Weights * be placed quite cloſe to 


the Spring when it is bent, the Weight K (of 8 Ounces) will be ſhot 
farther than half the Diſtance that L (of 4 Ounces) is ſhot to; and 


that will happen for the Reaſons given in the 4th Annotation of 


Lect. 5. But if both the Weights be ſet at ſome Diſtance from 
the bent Spring, ſo that the Spring may give a ſudden Blow, and 
not act long upon the Cylinders; then the Experiment will ſuc- 


ceed. N. B. That Diſtance muſt be found by Trials, 


9. HrNck it follows, that any little Body may have as much 
Motion as a great one, be their Diſproportion what it will; pro- 
vided that the Velocities that are given them be reciprocally pro- 
portionable to their Maſſes: that is, if the little Body has as much 
more Velocity than the great one, as it has leſs Matter. 0 

| HIS 
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Tagge is the Reaſon why, fince the Invention of Came: Lect. II. 
bpattering Rams have been diſuſed in War; for thoſe and other = Ib 
heavy Machines managed by a great many Hands, and moved © 
againſt a Wall with little Velocity, did no more than now is per- 
formed by a ſmall Cannon- Ball, three or four Men only being em- 
ployed to manage the Cannon. If the Ball B* wei ohing 85 Pounds * * Plate 4. 
be ſhot out of the Cannon C, againſt the Wall AHGE, fo as to ge 
ſtrike it at L, it will produce the ſame Effe& as the battering Ram 
R, which weighs 41112 Pounds ; provided that the Cannon-Ball 
moves as many times ſwifter, as it has leſs Matter than the Ram. 
See the Calculation of it in the Notes f. I Ann. 3. 
Ix a ſmall Piſtol- Bullet ſhould move with the ſame Velocity as 
Light, it would ſtrike as ſtrongly againſt an immoveable Obſtacle 
as a Cannon-Ball 700000 times as big; becauſe Light moves 700000 
times faſter than a Cannon-Ball. Light is about 8 Minutes coming 
from the Sun, and a Cannon-Ball would ſpend ten Years i in "pong 
through the ſame ſpace. | 

io. As the Quantity of Matter in a moving Body, «alGptic] 
by its Velocity, gives us the Quantity of Motion ; fo the Quantity 
of Moticn divided by the Velocity, will give us the Quantity of 
Matter : but if it be divided by the Quantity of Matter, it will give 
us the Velocity. If ſeveral Bodies of different Weights move with. 
equal Velocity, their Motions will bo to one another as their * 
tity of Matter. 

11. HENCE may be deduced an unanſwerable Argument for a 
Vacuum. For if all Bodies, abſtracting from the Reſiſtance of the 
Air, move downwards with the ſame Velocity, as has been prov- L. 1. 
ed &, their Motions compared will be reſpectively as their Quanti- AE 
ties of Matter ; but the Morten downwards, or Force which drives 
them to the Earth, is their Gravity: therefore we find the Quan- 
tity of Matter in any Body by its Gravity, which muſt always be 
proportionable to it, Now it two Bodies of equal Bulk weigh dif- 
lerently, as we find by Experience they do, there muſt be Vacuities 
interſperied in the lighter : As for Example, if there be two Inch 
Cubes A and B+, and the Cube A be of Silver, whilſt the Cube 3 
B is of Cork; it will be found that A weighs 40 times more than 7: 
B, therefore B has 40 times leſs Matter, and ought to be 40 times 
leſs in Bulk, if it had no Vactities. For if it he anſwered, that the Voids 
or Pores of the Cork are filled with Air and ſubtile Matter; that 
Air and ſubtile Matter * together with the Cork ought to weigh as * Ann. 4. 
much as the N or elfe the two Cubes cannot be roy y fun. 

Tur 


Plate 4. 


Fig. 3. 


* No. 10. 
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Lee. u. 
W tion is given or ſtopped, or a Reſiſtance i is over N 8 


trive to give the little one ſo much more Velocity than the great 
one as it has leſs Matter, and then its Force being equal to that of 


them. For if the Velocity of the great Weight be determined as 


that of the Weight muſt be diminiſhed in the ſaid Proportion: 


the Weight W, becauſe in the Motion of the Leaver the Point E 


4 times the Maſs of P. But if P be removed to B, then it will 


\# Corſe of Experimental Pit 2 Y 


14. Tus whole Effect of mechanical Engines hg: Mo- = 
nds upon 


what we ſaid above, Ne. g. 1 
IF agreat Weight! is to be ſuſtained by 180 one, we t con- 1] 


the great one, it will ſuſtain it, if they move in contrary Directions; 
becauſe then equal Forces will deſtroy each other. This is done 
by the Contrivance of the Engines, and Manner of applying 


weil as its Quantity of Matter, and the Quantity of Matter in the 
little one: then the Velocity of the little one (Which in this Caſe 
is called tie Power) muſt be increaſed in the Proportion above- 
mentioned,” But if the 4 of the Power be determined, then 


the Engines ſor t ioſe Purpoſes being always ſo contrived, that the 
Weight or Power may be applied in ſuch manner, as to render 
ae {Yelocttics reciprocally proportionable to their Maſſes, | 


ExPEMIMENT IL. Plate 4. Fig. 3. 


f > Let AB be a Leaver or - Balance divided into 20 equal Parts, Z 
whoſe Center of Motion is at C; if the Weight W of 200 Pounds 
hangs. by an immoveable Hcok at A, and we would ſuſtain or 
keep it in Æguilibrio by means of the Power or ſmall Weight P of 
50 Pounds; it is plain that it has not Force enough at E to ſuſtain 


and A will deſcribe not only ſimilar but equal Arcs Ee and A a; 
ſo that when W moves 1 Inch, P will only move 1 Inch; and ſince 
the Velocities 1 equal, the Quantities of Motion or Forces are 
as the Maſſes *, the Weight W will always over- power, as having 


deſcribe an Arc ſimilar to, but 4 times greater than that which W | 
deſcribes; that is, it will deſtend 4 times faſter than W riſes. If 
tuen its Velocity be 4, and that of W only 1, ds or 50 multiplied 
by its Velocity 4 will give 200; which is Wo to the Product of 
W, or 200 multiplied by its Velocity 1. 


14. BUT if the Power P had been immoveable at E, and the 
Weight W moveable ; an Æquilibrium would have been had by 
diminiſhing the Velocity of the Weight, in bringing it forward to 

| D, 
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D, where being 4 times nearer to the Center than P, it would Led. II. 
have had 4 times .leſs Velocity. 5 —— 


15. Ir both the Weights had been moveable, and P had been 
but 12 Pounds and an half, then the Velocity of P muſt have in- 
creaſed by removing it to B the 16th Diviſion, at the ſame time as 
that of W was diminiſhed by bringing it to D the firſt Diviſion on 
the other Side of the Center; for then W (200) multiplied into DC 
(1) which is proportionable to its Velocity, would have given 
200, which is equal to the Product of p (12 2) multiplied into BC 
{16) its Diſtance from the Center, which expreſſes its Velocity. 
If therefore the Power has a little more Velocity given it, than in 
a reciprocal Proportion of the Maſſes, it will have more Force 
than the Weight, and conſequently raiſe it, whereas it only ſuſ- 
tained it before. J) Ro OE 

16. Tuus by means of a Leaver, a Man, whoſe natural Strength 
does not exceed 200 Pounds, ſhall acquire ſo much relative Force 
as to raiſe a Stone of 2000 Pounds by applying his Leaver fo as to 
render the Velocity of the Stone ten times leſs than that of his 
Body at the oppoſite End of the Leaver, which in that Caſe will 
be ten times farther from the Fulcrum or propping Point, than the 
Place where the Stone is applied. For if a Man by his natural 
Strength can raiſe 200 Pounds with a determinate Velocity, there = 
is no Engine in the World that ſhall enable him to raiſe 2000 : 
Pounds with the ſame Velocity; but he muſt do it with the 10th 
Part of that Velocity. If he muſt employ 10 Seconds of Time to 
raiſe 200 Pounds 10 Foot; and would raiſe a Stone of 2000 Pound 
Weight by a Leaver whoſe Brachia (or Lengths on each Side the 
Center of Motion) are as 10 and 1; he muſt move 10 Foot at the 
End of the long Brachium of the Leaver whilſt the Stone moves 
i Foot, which comes to the ſame as if the Stone being cut into 10 
Pieces, each of them was fucceffively lifted up one Foot by the 
fame Man, who would do it juſt with the ſame Labour as When 
he raiſed it all at once with the Leaver*: = an 
Me cannot alter Nature; where we would gain Strength, wwe muſt 
boſe Time; and where we would gain Time, we muſt employ more 
Strength +. „ 


+ Ann. 6. 


17. Ir the Velocity of the Weight as well as its Quantity of 
Matter, he determined, and likewiſe the Velocity of the Power; 
Vol. hk © H ft.... 


Lect Il. then if the Power is not ſufficient to raiſe the Weight, there muſt be 
Q more Matter added to it till the Product of its whole Maſs multi- 
| i 3 * into its Velocity be equal to the Product of the Maſs of the 
Plate 4. Weight into its Velocity. If, for example, the Weight * W till 
Fig. Je ſuppoſed equal to 200 Pounds be fixed at A, and the Power p equal . 
only to 12 5 Pounds be fixed at B; it will not be poſſible for the aid Ml 
Power to ſuſtain the Weight, till its Quantity of Matter be qua- 
druple to make it 50 Pounds, and then 50 * 16 will be equal to 
200 * 4 ; becauſe here the Diſtances are as the Velocities. 

SOMETIMES it is required to give a heavy Body or Weight a 

conſiderable Degree of Velocity, as when the Ancients uſed to throw 

great Stones with. thoſe kind of Baliſtæ which they called Scorpi- 

Ana. 7, ons *; and then the Power muſt be conſiderably greater than the 
Weight; for as it is applied nearer the Center of Motion than the 

Weight to be thrown, it muſt be heavier in a reciprocal Propor- 

tion of thoſe Diſtances when the Weight is only ſuſtained, and much 

* Ann, ibid. heavier to give the Projectile Body a ſufficient Velocity v. But 

theſe Things will be better underſtood as we come to conſider the 

mechanical Powers, and the Uſes of ſimple and compound Engines; 

in order to which we muſt explain ſome Terms, and take notice of 
[ ſome Truths neceſſary to be known by every Engineer. 
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1 18. A Weight is any Body to be ſuſtained, raiſed or depreſſed, 

puſhed or drawn, or moved in any manner; ſo that the Expreſſion 

to raiſe a Weight is very extenſive in the mechanical Senſe ; as 

| ſometimes it is applied to the driving a Pile into the Ground, ſome- 

times to the ſtopping of a Body in Motion, as the running of Wa- 
ter, &c. | | Fa) 0 


19. A Power is whatever is made uſe of to raiſe a Weight in the 
Senſe above-mentioned, whether the Power it ſelf be a heavy Body, 
a Spring, the Motion of Water, Air, Smoke, Flame, or Preſſure 

of Stream excited by Fire from Liquids ; or the Force of any Ani- 
mal, acting by its Strength or Weight, or both. 


20. Tux Intenſty of @ Power is its abſolute Force, that is, its 
| Force, ſuppoſing its Velocity equal to that of the Weight; for its 
| Moving or Acting Force may be greater or leſs, according as its 
1 — Velocity is increaſed or diminiſhed, in reſpect of that of the Weight. 
= As for Example, 8 1 
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' Ir a Man be the Power, and can raiſe from the Ground a cer- Leck. II. 
tain Weight, that Weight will expreſs or be equal to the Intenſity wv 
of the Power; for in this Caſe, whatever Engine be made uſe of | 
that Part of the Engine, where the Weight is duly applied, will 
move juſt as faſt as that which a Man acts upon with his whole 
Force. So if a Man can preſs upon the Point E, at the 4th Di- 
viſion of the Balance A B* with the Force of 200 Pounds, he will * 4. 
juſt ſuſtain the Weight W. or 200 Pounds, hanging N 8 
far on the other Side of the Center of Motion. | . 

21. Tur L- of Dire&ion is that Line i in which a Weigh or 

Power acts, or endeavours to act *, | V Ann. 8. 

22. A Power may act in any Dire&tion neee ; bs a Weight 

has but one Direction, which is towards the Center of the Earth, 

in which Direction all heavy Bodies endeayour to deſcend, and ac- 

| tually do, when no Obſtacle hinders : So that the Line of Direc- 

bon of a Weight is a Line drawn from its Center of nes, = to the 
18 Center of the Earth. | 


Chas 


23. THE Center of Motion is that Point conch which a Body or 
aà Machine moves, or endeavours to move when it cannot or does 
not turn quite round; and in that Caſe, all the Points of the Body 
deſcribe Circles, or Ares of Circles, about the Center of Motion. 


This Center may be taken any where OY to the Make Y the 
Engine. 


24. Tur gane of Gravity is is a Point about which all thee Parts 
of a Body are in Aquzlibrio. It is conſidered as the Middle of the 
Weight of the Body, though often it is not the Middle of the 
Body it ſelf; and if the Body be ſuſpended by that Point, it will 
hang in any Poſition ; otherwiſe the Center of Wn wall de- 
ſcend as low as it can. | 


EXPERIMENT id Plate 4. Figs & 


25. BQ is a round Board ſuſpended. by its Center C on the 
Points of the ſpringing Calibers A. In turning the Board round, 
the two Marks made upon it K and Q, deſcribe the Circles K 4, 
and Qq round the Center of Motion C, which is here the Cen- 
ter of Magnitade: If the * of Motion was taken = any 

” 2 | oint 


7 
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Lect. II. Point which is not the Center of Magnitude, as at c, ſtill K and 
SF Would deſcribe Circles about the Center of Motion, though the 
Fig. 8. * Center of Magnitude would not then be their common Center, 
- but it elf would deſcribe a Circle as Cd about c, the Center of 
Motion. If the Body ſuſpended does not go quite round, as here 
the Side R ſtops againſt the Top of the Calibers at 9; inſtead of 
Circles, the Points Q, K and C deſcribe only Arcs of the Circles 


* Plate 4. 26. Ir Cx be the Center of Gravity of the Body, and the Body 
Fig. 4+ be ſuſpended by it, and made to turn round that Point, it may be 
ſtopt in any Poſition of the Points K and Q, and it will then re- 
i ® Plate 4. main at reſt; but if the Body be ſuſpended by c*, which is not 
. Fig. 5. the Center of Gravity, then the Center of Gravity C will deſcend 
| as low as it can to C. o 
* Plate 4. Bur if * be the Center of Gravity, and placed directly over the 
Fig.6. Center of Motion K, the Body will remain in that Pofition ; becauſe 
as the Center of Gravity endeavours to deſcend in the Line c K, 
which is the Line of Direction of the Body (in which Line the 
Point K is ſupported) it preſſes directly upon the Point K, 
which is ſuſtained by the Calibers; St i, the Body be moved ever 
fo hitth, fo as to bring the Center of Gravity c towards d or e, the. 
Body will turn and not reſt till the Center of Gravity comes to M 
directly under the Center of Motion, the Body falling into the Po- 
fition e bh = RE, | 


ExPERIMENT IV. Plate 4. Fig. 8. 


| 27. Hence may be deduced a Method for finding the Center 
Ann. 9. of Gravity of any Body mechanically “. Let A B + be a Body 
te. „ whole Center of Gravity is to be found. If it be ſuſpended by any 
Part as A, fo as to move freely upon the Pin at A, and a Plumb- 

Eine AB hangs from the ſame Pin, its Center of Gravity C muſt 

be under, or rather behind that Line; becauſe it will fall below the 
Center of Motion A : Let that Line A B be marked upon the Body, 
as in Fig. 9. and then ſuſpend the Body by any other Part, as F; 
ovided that the Center of Motion be not in the above-mentioned 
Line AB. Hang on the Plummet at F, and the Line FD under 
the Plumb-Line FP will cut the Line AB, and ſhew the Center of 

Gravity to be at C; for ſince it muſt be both in the Line A B and 


in the Line FD, it can only be in the Point C where ang" 1 


ntal Phibophy.. & 


N. B. We have not. bere confulered the Thichnef 5 of the. Body ; but Lect. II. 
F wwe ſuppoſe it a Piece of Board as the Figure repreſents ; then we — 
muſt only make the ſame Experiment on the other Side, and we D 
find another Point C juſt oppoſite to the firſt Point C. T, uy Line 
which joins theſe tus Points will be the . of . ater the. 

Middle ＋ that Zune the Center f ee . Tg * 


28. Henez al ee That let che 8 a Body be 
What it will, the Body cannot fall when its Center of Gravity is- 
ſuſtained ; and when any Body is in Æquilibria, its Center. of Gra- 
vity muſt be in a Line which goes through the Center of Motion 
and the Center of the Earth; which is the Line of Direction of 
heavy Bodies mentioned Desde *. Thus in Fig. 7. +. where the Plas 4. "4 
Tobacco-pipe is ſuſtained in  EEquilibrio upon one's Finger, the = 
Point Q juſt '& over the ok is the Center of r 


bars nr v. Plate 4. 


29. 15 Bodies that are both regular and homogeneous, the 
Center of Gravity is juſt in the Middle of the Body; that is, in 
its Center of Magnitude ; as appears in the Body AB *, which 2 3 hes 
being ſuſpended by its Center of Magnitude E. then n 
round, will remain in any Poſition in which. it is ſtopped; but in 
Fig. 5. * where the ſame Body is ſuſpended by another Point c, it“ Plate 4. 
will not reſt but when the Point C is come down below c, or is 
directly above it, as we ſaid before. But if the fame Body, which. 
was ſuppoſed a circular Piece of Wood: (as for Example of Oak) 
be denſer in one Part than another, or be made fo by letting a 
Piece of Lead into the Wood as at M (Fig. 6. ) then the Center Plate 44 a 
of Gravity will no longer be at C, but at K; about which Paint N i 
of Suſpenſion only, the Body will remain in any given Poſition.. 
Ii the Body was ſuſpended by the Point C, it would be at reſt only 
in two Poſitions, viz. when the Lead being carried up to / the 
Center of Gravity is at c *, or when the Lead is at M, and the * 24 
Center of Gravity at K . If the Body was homogeneous but not T 24. | b 
regular, the Center of Gravity would: alſo- then be different from, * 
the Center of Magnitude. As for Example, If you take the Pipe | 
ef Fig. 7.“ and break it at C its 1 you will find. late 4 
by weighing the two Pieces ſucceſſively, that there is more Mat- 
tex in the half CB; than in the other alf or Shank. A.C.. 


30. As: 
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Lett. H. * 30. As any Body that we conſider in Mech 


| I. ; anies, is only an 
Aggregate of ſeveral other Bodies or Parts; fo the Center of Gra- 
| WE Ny of à Body is only the common Center of Gravity of all its 


Parts: and conſequently if ſeveral Bodies are united in any Ma- . 


chine, or if there be any Combination of Bodies to be ſuſtained, 
| regard is no longer had to the particular Centers of Gravity of the 
[ - ſeveral Bodies which make up the Compound, but only to the 
| common Center of Gravity of the Whole. Thus a Wind-mill 
muſt be fupported under the common Center of Gravity of all its 
Parts, and its Line of Direction muſt fall along the Axis of the 


Poſt round which it moves: And a Crane upon a Wharf or a Dock 


(here the whole Machine turns round) muſt have the Line of 

Ann. 10. Direction in its Axis. : FO en ee 
N F xrRERIM TNT VI. Plate 4. Fig. 10. 23 ame? 
1 31. Let the Line AB repreſent an even Rod or Wire divided 
into two equal Parts at the Point C; its Center of Gravity will 
29. be at C*. And if two equal Bodies equally heavy are thruſt on 
4 upon its Ends, ſo as to have their Centers of Gravity at the ſame 
Diſtance from C, they will be in AÆquilibrio about the ſaid Point, 


| | which will then become their common Center of Gravity, and 
1 continue ſo whether the Bodies approach nearer to, or recede far- 
ther from it in proportion to their Maſſes. The ſame will happen 
3 if the Bodies are unequal as A and 6, whoſe Maſſes are to each 
= other as Two and One, provided that the greater Bodybe at A twice 
ws nearer to the common Center of Gravity c than the leſſer Body b - 
{ | And c will ſtill be the Center of Gravity of thoſe Bodies, though 


they ſhould move to immenſe Diſtances from each other, provided 


as we ſaid before. 


32. So that when two Bodies approach towards or recede from 

each other, with Velocities reciprocally proportionable to their 

Maſſes, their Center of Gravity will remain at reſt. And if the 

Bodies being made faſt upon the Wire, the Center of Gravity be 

ſuſtained by a Pivot or pointed Broach, how ſwift ſoever the Bodies 

be made to turn round the Center of Gravity and each other, the 

„Ann. 12, Center of Gravity will remain at reſt *, and the Bodies will de- 
ſcribe fimilar Circles about it and about each other, the one 


_ 


F 


their Diſtances from the ſaid Point are reciprocally as their Mafles, 


* 25. never over-powering the other v. If they be carried forward in 


* 
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any manner by any external Force acting upon them in propor- Led. II. 
tion to their Maſſes, their Center of Gravity will go forward uni: 

formly in a Right Line, and move juſt as if the two Bodies were | 
united into one at the ſaid Center: And if they be projected, their 

Center of Gravity will move in the ſame Curve as all Projectiles 

do, whether in. their Motion they turn round each other or not. 

This is evident in the Motion of an Arrow, of Chain-Shot, or 
Bar-Shot, and of a Stick thrown from the Hand, the Center of 

Gravity of any of theſe Bodies moving in the ſame manner as a 

ſingle Ball would do. So the Moon and Earth, in their Motion 

round the Sun, do. neither of them deſcribe the Magnus Orbis; 

but their common Center of Gravity deſcribes it, in the ſame man- 

ner that they would do if they were both united in that Point, or 

in the ſame manner that the Earth alone is ſuppoſed to do it, when 

theſe Inequalities. of Motion are. overlooked : And provided that 

their Diſtances from their common Center of Gravity be reciprocal- 

ly proportionable to their Maſſes; their Diſtances from each other 

may be greater or leſs in any Proportion: If there were no other 

Bodies in our Syſtem but the Earth and Moon turning round each 

other, their Center of Gravity would always remain at reſt. 

ExYHERIMENT VII. Plate 4. Fig. 11. 5 

33. Ir to the two Bodies A and B there be added a third at D* va Plate 44. 

equal to one of the other, let A and B be reduced to their common 

Center of Gravity, and be conſidered as a Body equal to both placed 

at C; then the common Center of Gravity of C and D will be found 

at K *, as much nearer to C as the Maſs of the Body or Bodies at * 31. 

C exceeds that of the Body at D. If the new Body weighed. but half 

as much as one of the others, it muſt be removed to d, ſo as to have 

the Diſtance K d, quadruple the Diſtance K C. Now if CD be a 

Wire, and it be ſupported under K, the three Bodies, whether D 

or be made uſe of will be ſuſtained by that means ; only in tak- 

ing the Center of Gravity exactly at K, we muſt not conſider the... 
Weight of the Wire, whoſe Thickneſs we are to ſuppoſe diminiſh» 

ed in Infinitum, fo as to look upon the Wire only as a mathemati-- 

cal Line without Subſtance or Weight. _ 8 | 


EXPERIMENT VIII. Plate Fig. 126.” 
34. Ir upon this Center of Gravity of the three Bodies, be placed 
a flat triangular Body 26 c, with its Center of Gravity juſt on. K, 
: : . | y | ; TOY en. : 
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fame manner; ſtill the whole will be fuſtained by ſupporting the 


Point K. Whence it appears, that if the whole Weight of a Body 
that is) grav/taze juſt in the ſame manner as it would before. 


4 . 33. Ir theſe three Bodies, united to or acting upon one another 
. in any manner proportionable to their Maſſes, be carried round their 
common Center of Gravity; that Point will be at reſt, for the ſame 

Reaſon as it will happen in reſpect of two Bodies; becauſe any Num- 

ber of Bodies may in this reſpect be reduced to two. Thus in our 


Syſtem, where the Sun and all the Planets moye round their common 


= Center of Gravity, that Center is at reſt in the middle of the Syſtem. 


| Though we 5 e conſider the Sun as immovable in the middle 


of the Syſtem ; becauſe as it has vaſtly more Matter than all the Pla- 
nets together, that Center will always be very near the Sun's Center. 


36. Ir often happens that the Center of Gravity of a Body, or 
of a Syſtem of Bodies, is not within the Body itſelf, or any one of 
the combined Bodies; yet we. are to have the fame Regard to its 
Support, Deſcent, or Motion in any Direction, as if it was. As 

1 for example, let us ſuppoſe the Bodies A and 5* to be at the Di- 

TE, ſtance As from each other, and that 45 is no longer a Wire, but 
Ab is a Line repreſenting their Diſtance ; we ſhall find their Cen- 

ter of Gravity to be at c without the Bodies. And if inſtead of the 

Lilie! Wire CD we ſuppoſe the Body D! joined to the two Bodies A 

85:1" and B bythe Wires AD and BD, the Center of Gravity at K will 
be neither in the Bodies nor Wire: ſo that if we would ſuſtain the 
ſaid Bodies, we mult ſupport ſome one of them, or ſome Part of 
the Wire as G; which being made the Center of Motion, the Cen- 
ter of Gravity K will (if the Bodies hang freely) come juſt under it; 
or if we ſupport the Point H, the Bodies will be at reſt, by reafon 
of the Center of Gravity being juſt over H the Center of Motion, 


D. Plated, In the Ring ABH* the Center of Gravity is in no part of it, but 
Fig. 13. 


account the Ring of Saturn has its Center of Gravity in the Body 
5 of Saturn, And though the common Center of Gravity of the Sun, 


between them. | 
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be reduced into its Center of Gravity, it will (act as a heavy Body, 


it may be ſupported by any other Point, as O or E, &c. Upon this 


Moon, and Earth is within the Sun's Body, yet the common Center 
of Gravity of the Moon and Earth is in neither of the Bodies, but 
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8 INC FE OE is the Thad of Direction, it is evident hs; in Led. IT. 
any Poſition of a Body or of a Combination of Bodies, F the Point wwe 


of Suſpenſion or Center of Motion be in any Part of the Line of Di- 


rection, the Body or Bodies will remain in that Pofition ; otherwiſe _ 
the Center of Gravity will deſcend as low as it can, and by its Motion 
alter the Pofition f the Body. | 2 


ExPERIMENTS IX and X. 


- 


8. SEVERAL odd Phenomena depend upon this Principle; as . 
for example, the double Cone or Spindle ACBD * being laid on at * W g 
E upon the lower Part of the Rulers EF, will of itſelf move towards e 
FF, though thoſe Ends are raiſed up to the Heights FG by the two 
Screws FG; and by that means will ſeem to move upwards : And 
the Cylinder M, whoſe Center of Gravity is in the Mid-way be- * Plate 4. 
tween K and O, will actually roll up the inclined Plane A C, pro- Fs. 15. 


vided it be hindered from ſliding by the Rope Rr. How high FG f Fig. 14. 


may be in proportion to the Bigneſs of the Spindle ABCD; or BC. Fig. 15. 


in proportion to the Cylinder M, is demonſtrated 1 in the Notes F. T Ann. 13. 


29. Bur before we mention any more of theſe Phenomena, it 
will not be amiſs to ſhew how the common Center of Gravity of 
two or more Bodies may be found. 


Ix two Bodies it is in a Line wha joins thei particular Cen- 
ters of Ge. and this Analogy gives it: 


As the Maſs {or Quantity of Matter in / the two Bodies. : 
1s to the Maſs of one of the Bodies: | 
v9 1s the Diſtance of the Centers of en of the Bodies: 
To the Diſtance of the common Center of Gravity from the Center 
of Gravity of the other Body. 


For example, if we ſuppoſe the Bodies A and B * to weigh* Plate 4» 


2 Pounds each, and to have their reſpective Centers of Gravity - 3s 
4 Foot diſtant from each other; then, 


As 4 the Maſs of the two Bodies 
Is 0 Maſs of the Body B:: | 
So is AB, or 4, the Diſtance of their two Centers of Grows 
To AC, 7 Diſtance of the common Center of Gravity, from the 
Center Ld Gravity of A, which is 2 Foot. 


Volt L E 25 On 
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Lect. II. i OR to expreſs it ſhort by Algebraical Notations, AB B: : 


$* 


* 


8 


AB: AC; but if we tage A of 2 Pounds and 3 of 1 Pound, and 


AB, equal to 3 Feet, the common Center of Gravity will be at c 
within 1 Foot of A, or twice nearer its Center than the Center of 
þ; becauſe A--b (3) : 2 (10) :: AS (3): Ac (.) Thus is the 


common Center of Gravity of the Moon and Earth found, when 


once we know their Maſſes and Diſtances. The Earth weighs 
about 40 times more.than- the Moon, and the Center of the Moon 


is about 61 Semi-diameters of the Earth diſtant from the Earth's 


Center; therefore the common. Center of Gravity of both is diſtant 


from the Center of the Earth almoſt one Semi-diameter and a half, 


or near 2000 Miles above the Surface of the Earth; for as the Maſs 


of the Earth and Moon (41) : to the Maſs of the Moon (1) : : fois 
their Diſtance (61): to the Diſtance of the common Center of 


15 Gravity of both from the Center of Gravity of the Earth, that is, 
1 Semi- diameter of the Eartn fe Ws 


* Fig. 11. 


% 


40. Ir there be more Bodies than two, as for example, the three 


Bodies A, B, and D*; firſt find the common Center of Gravity of 


two of them by the foregoing Rule, and it will be at C: then ſay, 
| As the Maſs of the two Bodies conſidered as united at C, together with 


wo Ann. 13. 


to it, or by taking one or more of 


the Body D: 
Boh d:: e 5 dy | 
So is CD the Diſtance of the common Center of Gravity of A and B 

From the Center of Gravity of D: 
To CK, the Diſtance of the common Center of Gravity of the three 

Bodies from the common Center of Gravity of the two firſt. 


On in ſhort, A. BHD: D:: CD: CK, And if there be a 


Combination or Syſtem of any Number of Bodies; their common 
Center of Gravity may be found, Step by Step, in the ſame Man- 


ner *, 
41. Hence follows, that one may alter the Place of the Cen- 
ter of Gravity of a Syſtem of Bodies, by adding one or more Bodies 
the Bodies away. And the 
Center of Gravity of a fingle Body may be removed at plea- 
ſure, by adding to or taking from its Maſs. And this is of 


fingular Uſe in Machinery, or that Part of Mechanics that relates 


chiefly to Engines, becauſe of the ſeveral Powers that are combined 
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in a Machine, and the ſeveral Poſitions that they muſt have in re- Lect. II. 
ſpect to each other in their Motions. „„ nnd * 


EXPERIMENT XI. Plate 5. Fig. 1. 


42. AB * is a rolling Lamp that has within it the two moveable * Plate 5. 
Circles DE and FG, whoſe common Center of Motion is at K, *'& 1. 
where their Axes of Motion croſs one another, in which Point 
alſo is their common Center of Gravity. If to the inward Circle 

ou join within-fide the Lamp K C made pretty heavy and move- 
able about its Axis H I, and whoſe Center of Gravity is at-C, the 
common Center of Gravity of the whole Machine will fall between 
K and C, and by reaſon of the Pivots A, B, D, E; H, I, will be 
always at Liberty to deſcend ; and therefore let the whole Lamp 
be roll'd along the Ground or moved in any manner, the Flame 
will always be uppermoſt, and the Oil cannot ſpill. Thus is the 
Compaſs hung at Sea ; and thus, ſhould all the Moon-Lanterns be 
made, that are carried upon a Pole before Coaches or Carriages 
that go in the Night. ng FE : 


EXPERIMENT XII. Plate 5. Fig. 2. 


43. Wurx inclined Bodies, ſuch as the oblique Cylinders ABE D, 

* abed, are ſet upon an horizontal Plane; they will fall the * Plate 5. 
Way that they incline, if in their Motion that Way, their Center of Fig. 2. 
Gravity can deſcend without firſt riſing “. Thus c, which is the * 24. 
Center of Gravity of the Body a4e d, will deſcend in the Ark c 4, 
whoſe Center is the Point e, which is the Center of Motion of the 
Body when it falls. But C the Center of Gravity of the Body 

ABED moving round the Center of Motion E in the Arc CK, 
cannot come down to K without firſt rifing up to F, which is above 
C; therefore the Body cannot fall by its own Gravity, becauſe the 
Center of Gravity will not riſe of itſelf. | 24,28. 


44. HERE it is obſervable that c O, the Line of Direction “ of * 20. 
the Body 26e d, falls without its Baſe; and CO the Line of Di- 

rection of ABE falls within its Baſe : whence it follows, that 

inclined Bodies ſet upon an horizontal Plane will fall, when their 

Line of Direction does not go through their Baſe : but they will 

!land when the Line of Direction falls within their Baſe ?. Ann. 14. 
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Lect. II. Turrs is the Reaſon why an inclined Tower, ſuch as that of 
or Bologna, does not fall, though its Top hangs ſo far over the 


late 5. 
Fig. z. 


. + Plates. 


Fig. 2. 


Ann. 14. 


®. Plate 5. 
Fig. 4. 


7 26 


Ann. 15. 


t 


2 


Baſe as to appear dangerous to thoſe that walk at o * near its Foot, 
and don't know upon what Principle it is ſafe. 


45. Ir HIed the lower Part of the Body 2 4 ed + be equal, 


ſimilar, and alike inclined, to the Body ABED, it will not fall 


for the Reaſon above-mentioned, its Center of Gravity being then 


at Q; but as ſoon as the upper or Cylinder 451 H is ſet upon it, 
and made faſt by the Pins ff, it brings up the common Center of 


Gravity to c, and then the two (which are now become one Body) 
fall towards 0: but if HIed being held faſt, the upper Part «+ HI 
be ſet upon it, that Part will ſtand faſt without the Help of the 
Pins /; for as its Center of Gravity is at G, its Line of Direction 
will go through the Plane HI, which is now the Baſe of the Body 
ab61H. But upon letting go HI ed, the upper Part will bring 
down the lower, and they will fall together, beginning to move 
round the Center of Motion e, the common Center of Gravity c 
deſcending towards *. nr i 


ExPBRIMENT XIII. Plate 5. Fig. 4. 
46. Ir in the Hand H & be held upright a Needle or ſharp- 


pointed Broach as C, the Fork D, whoſe Center of Gravity is at 


D, being ſet upon the Point of this Needle, will be ſupported +, 
though it will be difficult to place it right; becauſe the Point of the 
Needle is ſo ſmall a Baſe, that it will require a nice Hand to bring 
the Center of Gravity ſo directly over that Baſe, as to make the Line 


of Direction go through it *. But if another Fork, as B, be ſtuck 


into the Handle of the firſt, and a third of equal Weight with the 

ſecond, as A, be ſtuck upon the Points of the firſt, all the three 

will be ſuſtained. _ „„ pes b . 
TT Line AB, which goes through the Centers of Gravity of 


the Forks A and B, being biſſected at c, ſhews that Point to be 
the common Center of Gravity of thoſe two Bodies: The Addition 


of the Fork D alters the Center of Gravity *, and cauſes the Point 
C (which is as near again to c as to D, the Center of Gravity of 
D) to become the common Center of Gravity of the three Bodies *. 
In this caſe the Bodies will be all ſuſtained by means of the Needle 
under D, becauſe the Center of Gravity is as low as it can be: 
Only with this Difference, that in the Caſe of the ſingle Fork D, 
the Center of Gravity (which was'then over the Center of . art 
| wo 
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would deſcend upon the leaſt Shake, and. throw down the Fork; Lect. II. 
but now no Shake, but what is ſtrong enough to make D jump of ww— 
from the Point of the Needle, can cauſe the Bodies to fall : fr if | 
the Center of Gravity be raiſed out of its Place, it will always re- 7 
turn to C the loweſt Point it can deſcend to &. ED * 


47. SINCE the Line of Direction runs through the ſupported 
Point under D, it follows, That a Body, or Syſtem of Bodies will be 
ſuſtained (that is, their common Center of Gravity won't deſcend) 
when any Part of the Body which is in the Line of Direction is ſup- 
troy ; but will fall when no Part which ts in the ſaid Line is ſup- 
ported. | | | 8 


48. Ir by a Force impreſſed upon the Bodies A or B, or both, . Flate 5. 
they be made to turn round each other and round the Center c, WOT! 
in a Circle whoſe Diameter is A B; they will {till be ſapported as - 
before: whether they turn. faſt or ſlowly round“; and whether D 3*- 
be heavy or not, in which latter caſe the common Center of Gra- 
vity will return to c, and whether D, C, or e be the Point ſupport- 
ed: Nay, if the Hand that carries the Bodies ſtands ſtill, or moves 
in a right or a curve Line, the ſame will hold; that is, the Action 
of the Bodies upon each other (or in reſpect to each other) will 
not be altered, tho' they are carried along with their Center of Gra- 
vity: Neither will the Alteration of the Plane in which the Bodies 
move (that is here the riſing of A and ſinking of B, or the riſing of 
B and finking of A, as they turn) have any Effect upon the Motion 
of their Center of Gravity. Thus whether the Moon and Earth move 
faſt or ſlow about each other, and their common Center of Gravity; 
and whether the Plane of the Moon's Orbit be more or leſs inclined 
to the Plane of the Ecliptic, and whatever may be the Change of 
that Inclination, the Motion of their common Center of Gravit 
(which deſcribes the Magnus Orbis) will be no way affected. 


ExPERIMENT XIV. Plate 5. Fig. 5. 


49. Ir ſuch a Body as AB * be ſet upon the Pedeſtal ND P, . Plate 5- 
it will fall, becauſe its Center of Gravity can deſcend (in the Arc © 
Cg) or, which is all one, no part of it that is in its Line of 
Direction C O is ſupported ; but if the two Awls L, M, be 
ſtuck into the ſaid Body, their common Center of Gravity being 
at & (in the Mid-way between L and M) will bring back the 
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common Center of Gravity of all the three Bodies to K, and then 
K 9 will become the Line of Direction of the Bodies, in which the. 


int K being e. the Bodies cannot fall K. 


ExXPERIMENT Xv. Plate 5. Pig 6. 


50. LIKEWISE the Body AB * being ſet upon the Pedeſtal 


AE would fall, its Center of Gravity moving round the Point M 


in the Arc Cg. But if an heavy Body, as B, be joined to it ſo 
as to bring the Center of Gravity to K, then CO will ceaſe to be- 


the Line of Direction: and in the Motion of the Bodies round M. 


the Center of Gravity K muſt deſcribe the Are K moving ; 
wards, which cannot be*; therefore A B wt be fupported by 


adding another heavy Body to it. 


51. WHEN Bodies are laid upon an inclined Plane, 8 will 
come down, though the Line of Direction falls within their Baſe. 


In ſuch a Caſe their Center of Gravity will not move in' their 
Line of Direction (which only happens when Bodies fall freely) 
but will move in a Line parallel to the Plane, the Body ſliding al 
the while. But if the Line of Direction of the Body falls out of 
its Baſe, which 1s applied to the Flame, the Body will tumble or 
roll along the Plane *. 1 


— 


1 XVI. Plate 5. Fe. . 


| Hexcs follows, that the ſame Body, that in one Position would : 


flide along an inclined Plane, will roll down in another. Thus 


the Body ABCD *, when ſet upon the Plane c MN, will flide in 
the Poſition a bc d, becauſe its Center of Gravity k cannot fall in 
the Line of Direction of k o (the Body being ſto A by the Plane) 
oF Motion; becauſe. 
in this laſt Caſe the Center of Gravity muſt riſe, which cannot be“: 
And therefore the Center of Gravity will deſcend in the Line k s. 


nor move in the Arc k c about d for a Center o 


But if the ſame Body ſhould be laid on in the Poſition a4 c d, it 
would tumble towards M, its Center of Gravity deſcending in the 


Arc K 9. For this Reaſon a Column may be drawn up an Hill | 
when laid along in a Waggon, which would tumble. backwards if 


ſet upright in the ſame Waggon: And a Load of Hay would be 
overthrown going along the Side of an Hill, where the ſame Wag- 


gon would go along 9 if loaded with an equal Weight of 
Iron ; 
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Iron; only becauſe _ the Load of Iron the Center of Gravity is Lot, . 
low; but very high in the Load of Hay“. What has been ſaid i 


the three laſt Paragraphs +, will be farther confirmed by the fol- 4 1 4 0 


lowing Experiments. 


Ex PRIME NT XVII. Plate 5. Fig. 8. 


52. Uron the Table Te: T*, which has a Slit from X to x, ſet Plate g. 
the little Image D M in ſuch: manner, that the Saw c (which is Fs ©: 
faſtened at one End to the Hands of the Image, and has a Weight 
W fixed at the other End) may paſs through the Slit X x, and the 
Image will ſtand in an upright Poſture : Then if the Head of the 
Image be brought down to A or B, it will imitate the Motion of 
Sawing, and vibrate ſeveral times in the Arc A B, whilſt the 
Weight W does in the ſame manner deſcribe the Arc VWV, the 
Center of Motion of the whole, (that is, of the Image, Saw, and 
Weight) being at M: the common Center of Gravity K does like- 
wiſe deſcribe the Arc LK L, till (after having ſeveral times de- 
ſcended from L on either fide) it comes to ſettle at K, juſt under 
the Center of Motion. If the Image had no Saw, it would ſtand 
upright when ſet on the Table, becauſe its Center of Gravity C 
would then be juſt over the Center of Motion M *; and ſome Part * 26. 
of the Image which is in the Line of Direction oO would be ſupa 
ported +, but the leaſt Alteration of Poſition that ſhould move C f 45- 
from over M would throw down the Image *. Then if the Saw c be * 26. 
added ; fince its Center of Gravity is at c, the common Center of 
Gravity of the Man and Saw will be at L, and in that Caſe the 
Image with its Saw will fall towards X: but if by means of a 
curved Wire the heavy Weight W be joined to the Saw, the com- 
mon Center of Gravity of the Man, - Saw, and Weight, will be at 
K*, and the Line of Direction will again be at oO; therefore the * 38: 
Image will ſtand in its upright Poſition. If now the Image be in- 
clined forwards or backwards, it will after ſeveral Vibrations re- 
return to its firſt Poſition, becaufe the Center of Gravity always 
endeavours to deſcend to K, in doing which it will bring the Image 
upright. N. B. This Experiment ſucceeds beſt with two little Points: 
in the Heels of the Shoes to bear on the Table. 
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Lect. II. 
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® Plate 5. 
Fig. 8. 
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4. EXPERIMENT XVIII. Phe 5. Fig. 8. 
77. uren the Stick 87 (which of it ſelf would fall a the 


Table, becauſe its Center of Gravity hangs over) ſuſpend the Pail 
P, fixing another Stick pg, one End in a Notch at p, and tge 


r againſt the Inſide of the Pail cloſe to the Bottom, and the 


Pail without any other Help will be ſupported on the Stick 85; 
which will not fall from the Table though the Pail be afterwards 


* Plate 5. 
Fig. 9. 
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filled full of Water, provided the Bale or Handle of the Pail be 
pretty near the Table, and the Stick þ 9 long enough to puſh the 


Pail a little out of the upright. 


WHEN the Stick SS * js horizontal on the Table TAB, C is 


the common Center of Gravity of the two Sticks SS, PQ, the 


Pail DQE, and the Water contained in it, all which taken toge- 


ther are to be looked upon as one Body whoſe Line of Direction is 


OO; and as the Part of SS, which is a little behind the Bale B, 
is in the Line of Direction, and ſuſtained upon the Edge of the 
Table, the whole Body above-mentioned cannot fall : for if it did, 
the Part BS muſt riſe at the End 8, into the Poſition Bs, and PS 
deſcend into the Poſition ps; which cannot happen unleſs the Pail 
riſes into the Poſition dge, bringing up the common Center of 
Gravity to c in the Arc Ce D, which is impoſſible “ from Gravity 
alone, without the Action of an extrinſecal Agent. But if the Pail 
DE be lifted up under the Fable, and the Stick SS inclined above 
it, ſo that the whole Machine comes into the Poſition ss pe gd: 
If then it be left to itſelf, and the Stick ss is fo ſmooth as wal as 
the Table under B, that there is little or no Friction between them, 
the whole Machine will ſlide down and ſo fall from the Table; 
SS moving in the Direction hs, and the common Center of Gra- 
vity c in the Line c E, Tangent to the Arc De C. Here it is ob- 
ſervable, that as oo is now the Line of Direction, no Part of the 
Body in the ſaid Line is ſupported *. | 
N. B. The Experiment is repreſented in Figure 8. 
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yols 2 pere confounded Vabchby with: Ates dhe i l Annotat. 
but an Adjunct of it, imagining that one Body muſt have ad much Lect: 11. 
Motion as another, whenever it moves as faſt, and more Motion Gy n—nnd 
when it moves faſter; but this is only true hen the Bodies have 
Quantities of — or when wo compare the Motion which the Body has 
at one time with the Motion that it has at another. The Defini- 
tion indeed-(vis. & Motion it the Trarftation of 4 Body front ang Flas td 
another), takes. no notice of che Quantity of Matters but when we 
moving Bodies, we have à Regard to their tity.of. Matter: for Velo- 
city alone, without conſidering how much Matter is:mov*d;\will never en- 
able us to determine the Force,-Which, we call the Qpartity of: Motion. For 
example, ſhou'd a Dog and an Horſe moving with equal Swiftneſs run 
4 Wal of the Thickneſs of a ſingle Brick; the Dog would be beaten back, . 
whilft the Horſe: thut won rh? og Matter 1 the 
Wakes Sr. Ae M8; At (63793) ale 7 N on: 

2, [s 0 e mvas ihe futie dag Ser Sit Jake Ned 
ton in the Beginning! of- andern of his — rt Def. eee bar 
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[9 = otter ben tht. Row] "1f«tiue:Bucrerliig 
5 28 aches in Diandezerye and 180 Foot long, made of feyerah Pieces of Fig. 2. 
Timber, as for example; of Oak joimid together; ĩt will contain 30 Cu. 
bic Feet of that Timber. which: at go Pound, = wg” Foot: will weigh 
$7500 Pounds: If the- Head-of: . of Caſt fron weighs 4 Ton and 4 
If, that will be 3660 Pounds ; then if the five lron Hoops about it art one 
Inch thick, two Inches deep; and 94 Inches in Circumferente, they will 
weigh about 30 Pound eaeh, which with two Pounds of Nails allow'd te 
keep them tight to cheir Places will make 232 Pounds. Nor lb cheſe Weights 
added together will give us 44 1 Founds for the whole Weight a the 
Ram, which if it be mov'd by 1000 Men emiploy d only to r if Krilce 
2gainſt the Point of the Wall AHIGE( — it to wing talpended by | 
its Center of Gravity from a movpable Gallery or only a Treſſel) esch Man 
will move a Weight ef 41 Pounds. The Quantity of Motion —ů— by 
this Action, hen the Ram moves one Ecot in x Second; may be expreß d 
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ental Philoſophy. 


Annotat. tity of Motion in the Iron Ball B ſhot out of the Cannon C, will be found 
Lect. II. equal to jt : For a Cannon Ball is known to move as faſt as Sound for the 
wAy— Space of above à Mile, and if you multiply 36 Pound the Weight of the 
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Ball by 1142 (the Number of Eeet which Sound moves in one Second) you 
will have the Number 41112 Wexpreſs the Force or Quantity of Motion in 
the Ball B 2 at IL. Ang if, after a few Strokes given by the Batter- 
ing Ram, the Mortat or Cement is ſo oſer'd that the Piece of Wall 
ADD FE is at laſt by a Stroke of the Ram carried forward from F to K, 
and ſo beaten down; the ſame thing will be performed by one Cannon 
Ball after the ſame Number of equal Strokes given before by others, as we 
had ſuppoſed by the Battering Ram: and then the Quantity of Motion in 


aſt equal to the 


the Piece of Wall ADD EE carried from F to B will be 


Shock of the Ram, or of the Bullet B: auff, d 
P bis ſhews how advantageous the Invention of Gun- powder is; ſince we 
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are thereby enabled to give ſuch a prodigious Veloeity to a ſmall Body, that 
ät, ſhall have as great à Quantity of Motion as a Body immenſely greater, 
and therefore perform as much by its Percuſſion; tho we uſe but feẽC Hands 
aàn the Management of it, for three Men are able to manage a Cannon which 
ſhallꝭ do as much Execution as the Battering Ram above mention d. e 
ibat would. bave' A mure ample! Hecount of tb Battering Rams and eurlitr 
Machines of the Amients, may ind them deſcribd'in ſeveral Authors, epeciali 
in Juſtus Lipſius“ . The! Ran which I have" conſidered" here is taten ata 
Mean, being bigger tban ſome and leſs than others that we read of.. 
word maar od bt (1 2s. Ain gan n to id % % 
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4. [11 —=—Subtile Matter, &ci] The Carteſſans, in order to maintain 
their Plenum, ſuppoſe a certain ſubtile Matter to fill all Spaces between, 
and Pores within Bodies; and that this ſubtile Matter by being continually 
divided, becomes ſo fine a Puſt as to have neither Weight nor Reſiſtance, 
and yet that it is the Cauſe of Gravity: but any one that confiders'this Af. 
ſertion will find it inconſiſtent with itſelf. For #7/, if ſuch a Matter fill'd 
all the Interſtices between the Parts of Bodies, it wou'd render them equally 
full: Secondly, Wherever it fill'd any Space that had no other Bodies in it, 
it muſt be more ſolid than Gold and harder than Diamonds; and confequent- 
ly could not be à fine Duſt, as is imagin'd; for a Body, when ſolid; differs 
from the ſame Body in Duſt, only becauſe its Parts are ſeparated from one 
another; ſo as to have a great many Voids between: as à Pound of ſolid 
Gold differs from as much Gold Duſt, only beeauſe the Parts of the Duſt 
are more ſeparated, mix d with Vacuities, and do not touch info many Points 
as the ſolid Lump; the Duſt eaſily becoming a ſolid Lump when the Vacui- 
ties are driven. away by Fire, which turns the Duſt into a Fluid that after- 
wards (upon the Removal of the Fire) is cthang*dunto a ſolid Lump with! 
out loſing any of its Weight. Fhirdly,: As the Cartęſfuns affirm.— That of 
fubtile Matter the Earth and Air (heavy Bodies) are compounded, it is 
abſurd to ſuppoſe the Matter of which they are made to be without Weight; 
fince the Gravity of any whole Body is made up of the Gravity of all its 
Parts taken together. Fourthly, When the Carreſians make their 3 
LEST „5 | 8 t 
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be void of Reſiſtance, becauſe whatever impels muſt reſſt : And to ſay, that 
ſolid Bodies can move thro*:this ſubtile Matter without ſuffering any Reſiſt- 
ance, but that the ſubtile Matter when it runs againſt ſolid Bodies drives 


them out of their Places, is an Abſurdity unworthy of a Philoſopher. Let 


becauſe the Carteſians cannot deny the Experiment of a Piece of Gold, and 


a Feather falling equally faſt in a Glaſs Receiver out of which the Air has 
been pump'd:* (and the Experiment has been made in a Receiver 10 Foot“ L. 1. 8. g. 


high ; ſee Phil. Tranſ. Ne. 354.) rather than give up their Plenum, they 


ſay, that when the Air:is-pump'd out, the Receiver is as full as before, but 


that it is fill'd with ſuch a ſubtite Matter as makes no manner of Refiſtance: 
So that upon the. whole; the Cartęſian Account of the Cauſe of Gravity, and 
the Non · reſiſtance of their ſubtile Matter, are inconſiſtent with each other. 
Many more are the Contradictions which they fall into, by endeavouring to 


ſolve Phenomena by the Powers and Motions in all Directions which they 


attribute to this ſubtile Fluid; but I-ſhall ſay no more'on this Subject, till L 
come to ſpeak of the Motions of the heavenly Bodies. * i 


5. [16. At once with the Leaver. ] It was upon chis Princi le that Arebo- 
medes propoſed the liftinz of the whole Earth, in caſe there could be 


found a fd Point, or Place to ſupport his Iriſtruinenty die . gu, ed #0 | 


x0440v x5140w, By which he meant That the leaſt Power, by increaſing its 
Velocity, might raiſe the greateſt. Weight; and that in this reſpect there are 
no Bounds, where we can get a Place for a fix'd Point, and à due Diſtance 


for the Power. Now, tho” railing the: Earth is a Propoſition purely Mathe- 


matical, and not to be reduc'd to Practice; yet for Curioſity ſake we N 
conſider it a little here. oil tedious yieo 1071 1996007 61-2571 1 


If we take the common Center of Gravity of the Earth and Moon for 


the fix d Point (Fulcrum, or propping Point) of of] Leaver, which we will 


ſuppoſe 240000 Miles long, that is, reaching from the Centet of the Earth 
to the Center of the Moon; then the Moon, or a Weight equal to it made 
uſe of as a Power, will be able to ſupport the Earth at the other End of the 


Leaver; and if it be removed but one Inch farther, it wilt raiſe it un. Here Ne tg. 
the Diſtance of the Center of Gravity of the Earth from the fix d Point 


of the Leaver is 6000 Miles, and that of the Center of Gravity of tlie 


Moon or Power is almoſt 40 times as far; and if the Moon be ſuppoſed 


to move with the ſame Velocity that it wou'd fall to the Eaftł by the 
Force of Gravity, if its projectile Force did not hinder it z-then tlie Earth 
wou'd be moved one Inch out of its: Place, by the Moon's moving about 
40 Inches. nnr 7 t „ ei ni: 5 Di nie nn 92163 
Nov if, inſtead of the Moon, we make uſe of a Power whoſe Intenfity 1s 
equal only to a Weight of zoo Pound; as for Example, the Force bf a Mun; 


as Archimedes propoſes : Then ſtill ſuppoſing the Earth at the Diſtance ut 


6000 Miles from the fix d Point, m Brachium of the Leaver to which 
J : 2 a 


the 
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Matter the Cauſe of 'Gravity, they ſeem to forget what they have ſaid of it Annotat. 
| before, namely, that it bas no Re/iftance; for if a Fluid, by its Motion about Lect. II. 
the Earth, impels all the Bodies near it to fall down to the Earth, it cannot — 
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Annotat. the Power is 4 muſt he lengthened in the Propertion that the Welght : 


Lect. II. of the whole Earth bears to 200 Weigat, In this Caſe the End of the 
Tea ver will reach quite out of aur Syſtem among the fix'd Stars, above fif. 


| 


So 18 


teen thouſand Millions of Millions of times farther than the Diſtance of Saturn. 
And if Archimedes (or the Power) be ſuppos'd to preſs upon the Engine 
with the Velocity of a Cannon Ball, he wou'd be in Motion at the End 
of the Leaver above 26 and near 27 Millions of Millions of Years to raiſe 
the Earth one Inch in that Time, and wou'd go thro' a Space above 39 
thouſand Millions of times greaten than the Periphery of Saturn's Orbit. 


For the fake of ſuch. as 2 examine 115 Canas, e . the . 
Numbers that we made ufe of. 


The mean Diameter of the Eu is BAY to 19 688 725 Paris Feer, 
(Newton, Princ. Lib. 3. Prop. 20. Pag. 387.) 
Suppoſing the Diameter to the Circumference as 7 to 22 ; and multi 


the Diameter by the Circumference, you will have 1 218 315 660 966 2 


Square Feet for the Surface of the Earth: which laſt dA multip ki 
ed by the 6th Part of the Diameter, will give 3 997 847 O0 180 744 
647 897 + for the Cubic Feet contained in the whole Earth. 

ow if we ſuppoſe a Cubic Foot of Earth to weigh 100 Pound, u- 


tiplying by 100 we ſhall have the Weight of the whole n in e | 


vix. 399 710 700 1 thee 464789 750. 


Then, As 200 Pound (er the Intro the re, 72 1 

0 399 784 118 074 750 (or : * the Wei be: 98 
— Miles (ihe Diftance of — yg 

from the fix'd Point): 
21 1993 541 003 $42 233 943 692 500 Miles(or the Diſtance of the Power). 


This laſt Number not only expreſſes the Diſtance of the Power, but the 
Numbet of Miles that the Power muſt move to raiſe the Earth one Mile; 
becauſe the Velocities of the Power and Weight muſt be reciprocally as their 
Maſſes. But if we wou'd raiſe the Earth bur one Inch, we muſt divide by 


66 360 (the Number of Inches in a Mile) and we — hes the Miles gone 
_ thro* by the Power whilſt the Earth moves Inch, vis. ms 291 996 583; 


668 465 020 Miles, 
To have a clearer Idea of what has been ſaid, let us compare the Diſtance 


of the Power and Space that-it muſt go thro?, with ſome great Diſtance 
that we know, and with the Space deſerib'd by ſome Body that we can ob- 
ferve; as for Example, with the Diſtance of the Planet Saturn, and the Space 


which it deſcribes in going thro” the whole Circumference of its Orbit. 
Saturn, at its mean Diſtance from the Earth (which ig equal to irs Di- 
ſtance from the Sun) is above ꝗ times and a half (or 9,51 times) farther from- 


the dun than the Earth, which laſt we fuppoſe 81 Millions of Miles from the 


Sun and therefore will be | expreſs'd: by this Number of Miſes (vz.) 


v7 346000, by which dividing ie 542 wok be me 


we ſhall have a Number which ſhes us that the Power 
n_ 


Ny EVE. 


Weight or of the Center of the Earth 
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farther from the Fulcrum-or Center of the Motion than Sarwys's Diſtante, Annotat. 
15 569 745 954 035-734 times. Then if the Space that the Power muſt go Lect. II. 
thro (or 189 294 996 583 668 465020 Miles) be divided by 48419487. 


the Number of Miles in the Periphery of Saturn's Orbit, the Quotient will 
ſhew us that the Power will go thro? a. Number of Miles 39 094 177 438 
Again, if we ſuppoſe the Power, or Archimedes, puſhing: forward the far- 
theſt End of the Leaver we ſhill find, that tho' he ſhou'd move as faſt as 
a Cannon Ball, he wou'd ſpend 26 978 123 942 460 Years in moving the 
Farth one Inch. For. if we ſuppoſe a Cannon Ball to move with the ſame 
Velocity as Sound, or a Mile in 4 Seconds and an half (as Experiments 
have confirm'd it) it muſt move 800 Miles in an Hour: And as one Year 
contains 9766 Hours, 800 times that Number is the Number of Miles which 
a Body with the Velocity of a Cannon Ball would move in a Year; by 
which Number (7 012 800) if you divide 189 291 999 583 668 465 o 
{the Number of Miles that the Power goes thro') you will have the 
Number of Tears which it mult take up to go thro? the ſaid Space, namely 
26978 123942 460 Years; which was to be proved. | 
| Aker Wilkins in his Mechanical Powers mentions @ compound Engine of 
M heels, whereby the Earth might be rais'd, without ſuppoſing the Power- 
to be applied at any conſiderable Diſtance from the Earth ; Ko what be. 
fays depends: entirely upon the ſame Principle: for even in that Caſe, the: 
Power (if equal to what we have ſuppes'd) muſt go through a' Length e- 
qual to as many Miles as we have mention'd above, in order to raiſe the Earth: 
one Inch; though the Line in wwhich it mov d ſhould be but a Circle of a” 
Foot in Diameter; for let the Machine be made in any manner whatever, the- 
Difference of the Velocities of the Power and Weight will always be recipro-- 
cally as their Maſſes (or their Inten/ities) conſidering the: Power: as a Quantity" 
of Matter in Motion) when they balance one another; and the ſinalleſt Addition: 
of Velocity (ftill ſuppes'd in theſe Calculations) will make the Power overpoiſe. 


6. 716. bers we would gain Time, we muſt employ more Strength] For: 
vant of rightly conſidering this, a great deal of Time and Money has been 
fruitlefsly ſpent in mechanical Works, by ſuch as imagine that Foree might: 
be generated by the Figure of a Machine ; whereas Mechanics teach us: 
not to make, but to apply Powers, ſuch as we find them in Nature; for 
ve deceive ourſelves, if we think that by means of any Engine whatever, 
One Man ſhall do the Work of Two in the ſame Time, ſuppoſing the Men 
to employ the ſame Strength. But yet the Science of Mechanics is not to 
be rejected as uſeleſs; for to the practical Arts that are deriv'd from that: 
Science we are indebted for a great many of the Neceſſaries as well as Con- 
veniences of Life. In the Performance of ſeveral Works, where we have 
lufficient Strength, we often want Time; and ſometimes where we have 
Time to ſpare, we want Strength. In ſuch Caſes the Skill of a good Me- 
chanic is to be exerted in directing the Application of the Powers accord- 
mg.to Time. Thus in making H. and carry ing on Digues, Moles 


1 oor 
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Annotat. or Banks, where at every Tide the Sea may damage the Work, and a 
Lect. II. Spring- Tide over: ſet it: the greateſt Number of Hands muſt be employ'd 
2 that can work by one another. In ſome Caſes, as raiſing Blocks of Marble 
9 or other heavy Goods out of Ships to lay them upon à Wharf, many 
Hands cannot be employ d; either becauſe they cannot well ſtand by one 
another about the ſame Block, or becauſe they cannot lift all at once; or 
when they have got up their Burthen, they cannot conveniently walk with 
it ; or if they could, the Planks over which they go, or Ladders which they 
muſt climb, could not ſupport them and the Weight; then an Engine muſt 
be uſed (as for Example, a Crane) where one Man ſhall do the Work of 
20 or 20 Men, but he ſhall be 10 or 20 times longer in performing it. Yer 
the Engine is abſolutely neceſſary, becauſe without it the Work could not 
be done; therefore a ſufficient Time muſt be employ'd, without which a 
great Strength would be of no uſe, Thus likewiſe in Building we muſt uſe 
Engines to raiſe great Stones and large Pieces of Timber, where ſo much 
more Time is employ'd according as the Force of the Men working at the} 
Engine is leſs than the Force that would be requir'd to raiſe the Stone if 
the Hands were applied directly to it, but then the Engine takes: up leſs 
Room, and the reſt of the Men may be otherwiſe employ'd. In draining 
; Mines we are always confin'd in Time, becauſe the ſubterraneous Springs 
ſupply the Water whilſt a Force is employ'd to draw it out; and in ſuch a 
Caſe the Power (that is, the Intenſity of it) muſt be ſuperior to the Quanti- 
ty of Water to be rais'd in a certain Time; that is, the Power muſt be a- 
ble, without any Engine, to draw from the Bottom to the Top of the Pit. 
(ſuppoſe an Horſe drawing up a Bucket faſten'd to a Rope that runs over 
a ſingle Roller) a Weight greater than the Weight of the Quantity of Wa- 
ter that runs in, during the Time that the Power goes through a Space e- 
qual to the Depth of the Pit. Engines are applied for the Conveniency of 
delivering the Water, and not to gain any Degree of Force; for we always 
loſe ſome So much as is employ*d to move the Parts of the Engine, 
which cannot be apply'd to one another without a Friction that ſpends 
fome of the Power; ſo that the beſt Engine is that which conſiſts of the 
feweſt Parts . And he that by Machinery pretends to gain by bringing 
up a greater Weight, or a larger Veſſel of Water with the ſame Power, 
does not conſider, that it will riſe ſo much the flower, and give Time to 
the Springs to ſupply more Water in proportion; or if, by adding any Part 
to the Engine, the Power (as for Example, an Horſe or Horſes) is made 
E to go eaſier, then leſs Water will be rais'd at a Time. This foen'd give a 
Caution to thoſe. that have any Concerns in Mines, Water-works, Mills, or 
other Manufactures; that they might not be impos'dupon by Engine · makers, 
that pretend to (and often fancy they can) by ſome new invented Engine 
| out-do all others, and make one Horſe. do as much as three or four. 
This proceeds from their being unſkill'd in e eee gan the 
9 N 2 51 4 nii73 
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Knowledge of which would keep them from attempting Impoſſibilities. It Annotat. 
were to be wiſh'd that our Engine- makers, who often a d with Inven- Lect. II. 
tion, and are generally quite ignorant of Mathematics, wou'd apply them - 
ſelves to that Science; at leaſt to know ſo much as wou'd direct them in 
their Works; or that ſome of our beſt Mathematicians wou'd not think it 
below them to direct Workmen, and confider Engines a little more than 

they do, which wou'd render their Speculations more uſeful to Mankind. 

There are ſome, who, being too clumſy, and wanting a nice Hand to 

make Experiments, are unwilling to own it, and therefore ridicule and de- 

ſpiſe Mechanical Performances; forgetting that the incomparable Sir Iſaac 

Newton, whom They, with all other Philoſophers admire, has made as many 

as (if not more Experiments than) any Man living; and look'd upon Geo- 

metry as no farther uſeful than as it directs us how to make Experiments and 
Obſervations, and draw Conſequences from them when made; ſo that the 
Improvement of Philofophy muſt be the Reſult of mix'd Mathematics, 

that is, of Mechanics and Geometry, A Man that ſhou'd learn to fence by 

Book, wou'd be as much at a loſs if he was call'd to fight, as another that 

ſhou'd prefer brutal Courage to the whole Art of. Fencing ; only with this 


i 


Difference, that the latter wou'd.be much more likely to kill his Adyerſary; 
as Men quite illiterate have often produc'd wonderful Engines. The Ma- 
chine at Mary, which: was made by an ordinary Man at Liege, who was en- 

tirely ignorant in Mathematics, has a great many excellent Contrivances; 
but does not raiſe all the Water tlrat it ſhou'd do, becauſe the Work man 
did not know how to calculate, ſo as to give the Power of the River Seine 
its ut est Adragtag e 101 z ( be e 5 
When great Works or Manufactures are carried on in ſuch a Manner that 
a great Part of the Intenſity of the Power is uſeleſly ſpent, and but little 
of it employ'd in doing real Services; as for example, when there are un- 
neceſſary Frictions ariſing from the ill Contrivance of the whole Engine or 
the wrong Figure of ſome of its Parts, or the bad Performance of the 
Workman or if Men or Horſes, Sc. exert but a ſmall part of that Strength 
which they might apply without Wearineſs or Inconveniency : Then the 
Skill of a good Engineer may be advantageouſly applied in changing the 
Form or altering the Parts and Motions of a Machine. An Inſtance; of 
this may be ſeen in the winding of Thread or Silk, in which Buſineſs if 
50 Men being employ' d they ſhould only move a Weight or overcome a 
Reſiſtance equal to half a Pound, as they carry their Hand round (where- 
as one Man can eaſily raiſe 25 Pound, with the ſame Velocity as his Hand 
moves. during the Space of 10 Hours in a Day) a Machine may be con- 
triv'd whereby one Man applying bis whole Strength ſhall do the Work of 
the fifty Men in the fame Time. Thus in any other Caſe, Machines may 
afford us great Profit, by rendering effectual that Force or Intenſity of the 
Power or Powers, which was before miſapply'd or not employ'd at all. 
This has been perform'd at Derby in a very ingenious Manner by Meſſieurs 
Thomas and Jobn Lombe, who have employ'd the Force of a Water- Wheel 
the working of Halian Sil, ſo as to loſe or miſpend no Part of the 
Power. 8 8 i As 
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Annotat. As the Proprietors of this curious Machine are not willing to have # De- 
Lect. H. ſcription of the whole Engine or any of the Movements of it made pub- 
ome lick, I ſhall only here give the general Account of it, viz. Thar there ate | 


26 586 Mb. ils % 2010 Vo, 1 
'97 746 Movements. 


. won every ne the Dee gox'oundy abc 

is three Times every Minute. © A ere e e 

318 504 960 Yards of Silk in one Day and Night, and conſequently | 
99373 547 550 Yards of Silk in one Year. PICS HOLSTEIN, Qu 


One Water-Wheel ctonimunicates Motion to all the reſt 'of "the Whiels ani 
Movements, of which any one may be flopp'd ſeparately and independent on tht 
'reft. One Fire-Engine conveys Air to every individual Part of the Maehine, 
and one Regulation. governs the whole Work. 18 e 


7. [19:=Storpichs, &e. give a ſufficient-Velocity, &c.] Seorpions were 

Machines to throw Arrows, Fire-Balls, or great Stones. A Defeription of 

* Petior. them may be found in Vitruvius and the above - mention'd Lihſur , from 
Fig. 3. whom [ have taken the Figures repreſented in Plate 6: The iſt Figure re. 
pj Preſents one of theſe Machines charg'd F. The Point A of the'longeft Bra- 
Fig... 'thium AC; which in the natural Situation is kept uppermoſt by the Boxes 
of Stones or Weights BB, having been brought down to A (by the Rope 
RR and Lovp &, drawn by help of the Wheel W, and Pinion at E routid 

the Rollers M and L) is kept from riſing up again by the Pin HH, made 
u little taper. Then the Loop # being taken off from A, and the Sling 8 

deing charg'd with the Ball or Stone T, the Scorpion is ready to he dif- 

charg'd; Whieh is done by a ſmart Blow of an Hammer on the End H: 

of the Pin, or a ſudden drawing it out with à Rope; for then A being no 

longer kept down, riſes with great Velocity by the Defcent of the Weights 

BB, and one of the Loops of the Sling flipping off of the Point A, made 

conical for that purpoſe, the Stone flies out as. repreſented in the fecond Fi- 

gure, Which is another Scorpion little differing from the former. All the 

Difference is, that in this laſt Figure, as the diſchafging End A is nearet 

: to the Axis of Motion D D, than the fame End in the former Figure, the 
2 6. Pulley“ L is applied in ſuch a manner, as to cauſe the Handle F of the Pi- 
* nion leading the Wheel W, to move as eaſy again as in the former Caſe: 
And as ig the Effect, e the Weights B B equal in botir Seorpions; 
the latter will throw a Ball of greater Weight, but then it will have leſs Ve 
locity than the former ProjeAif. In both Caſes the Scorpion turns upon the 
Pivot C, and the whole Frame H I round the upright Shaft Cr; that the 
Machine may be directed any way. The Hook H: in the ſecond Figure 

does the Office of the Pin H in the firſt. | : 
However powerful theft Machines were, and however numerous; they are 
not to be compared with a Battery of Cannon, either for Force of Expedi- 
tion. Biſhop Miltins had not preferred them to our Artillery, as ſome 


\ } 


To prove Mis: we mill here Solider We Forer of one of theſe nobel, —— 


evenſuppoſing it mach larger tian couſd be convenientiy carried about; (for 
that they were portable, Appears from "the Actount that Cefar bad Fe 
Niinibers df chern in his Camp): anti we mall ſer how much ſhort it Vi 90 l 
of the Ronde ef a Cannon. 
Let * AD the Tail of the Score or the End chat throws che Stone p plate 6. 
or Bullok be fuppoſed 24 Foot long; apd the ſhorter Brachia DB, which Fig 7 
=_ Boxes B B. 8 Pot long each. When the Boxes are i _ 
— weigh, for example, 10 Pound each, and the Tail brought 5 
down e A, in order to throw the Stone T; the utmoſt Velocity that" Bn 
de gien do it. can never exceed qt tet in a Second, becauſe We Weights 
ot Beannor Fall faſter than'r'6Feerim a Second, tho* they ſhou'd not move 
the: Machitme in thetr Deſcent. But as we may reaſonably Toppoſe, that 
throwing ap the End A dvaded with the Projectile T, muſt retard them one 
"half, it will follow that the BU5Jy T will be thron forward only at the Rate 
of 48 Fest in a Second, which is about 24 times flower than the Motion 15 a 
CannonBull; and therefore the Effect of the Scorpion will be 24 times ſeſsthan 
chat fd Cannon throwing u Ball of the ſame Weight. Beſides, there muſt be 
more Men do manage the Machine, and a great deal more Time ſpent in draw. 
ing dows R means of the Wheel W, than in charging a Cannon: for if we 
ſub pole the Forte requiPdto rarſe the Boxes loaded SS anck to over- 


come the Friction, to be equal only to 2 300 Pound, nf the En ineer. who 
turns the Handle Tro wore hie Flznd t ro” 2 © 0 5 5 0 


weigh, it witl abp ear more Laser d carry hh, a Catal The 1 ; 
| Shaft Cruſt be 50 Foot long; and that it may have ſufficient Strength, we 
will ſuppoſe r6f-43 2 Inches in Diamkter, which will make it Totrain 30 cu- 
dic Feet f Timer, which if of Oak will weigh about 50 Pound a Foot — 
ler the Body and Tait of the Scorpion ABB with the Boxes B B, contain 
40 Foot more of the ſame Timber; the Frame KH 60 Foot, and thi! Wheel 
W with the Pinion en the Handle 1,” the Pulleys, Ropes and Iron-work of - 
the Machine weigh as much as 60 cubic Feet more of C bak: All this tage · 
ther will wake s goeubic Feet, which multiplied by 50 Pound will give ggco, 
Pound, a Weight which will renter the Machine vety inconvenient, even 
thi it be taken to pieces. We may tiierefore ſuppoſe the Scorpions EY, 
Jeſs than What I Waveldefertbld: 80 1 that there can be no Compariſon be; 


tween their Effect and that of our Artillery. Whoever om be ar the pains . 
1 L. of 
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Pig. 2. 


PE. 
Fig. 3. 


an im menſe Force in ſo ſmall a Compaſs. 


A Courſe of Experimental Phileſ eiu. 


Annotat. of calculating the Force of any other of the Machines uſed by the Ancients, © 
\ © Left. II. will find that they fall very ſhort of the Effects of Gunpowder : Eſpecially iſ 
X | if we conſider what Force it exerts in the ſpringing of a Mine, whereby 


N — 


* Rocks are rent in pieces, and ſuch Quantities of Earth and ſtrong 


Valls lifted up, that all the Machines made uſe of in a Roman Army, it | 


nothing like this new Invention of a portable Powder, which contains ſuch 


„ Sx { 


8. [21,—Line of Direfion, Ic. endeavours to at.] Though an heayy 


Center of the Earth, which, if no Obſtacle hinder'd,. would carry it the 


neareſt Way) its natural Line of Direction always goes thro* the Center of 
the Earth; and if, whilſt che Body is going down. by its own Gravity, it be 


hinder'd by one or more inclin'd Planes, as BG, GD, and carried down 


afterwards in a Curve (46) in its Deſcent, on account of the Alteration of =” 


the Direction of its Motion, or carried up again along another Plane as DE; 


Direction; but when the Body comes from the Point 1 ſucceſſively to 


the Points 2, 3, 4, its Lines of Direction are 1c, 2.c, 3c, 4 c. which are 


all directed to the Center of the Earth, and by reaſon of their great Diſtance 


from it, may be conlider'd as parallel, or indeed as one and the ſame 


I 


Now the Line of Direction of a Power varies according to the Applica- 1 
tion of the Power, whatever Line the Body acted upon moves in. Thus 
when the heavy Body A“ (whoſe Line of Direction is c C) ſuſpended by a 


Rope, is held by the Hand at H, the Line of Direction of the Power is 


the ſame with that of the Weight; but if the Rope be brought over the : 


Pulley B, the Lines of Direction of the Power may be any of the Lines 


BG, BF, BE, BD, whilſt the Line of Direction of the Weight ſtill con- | 


tinues the fame, , Nay, if the Body A“, being acted upon by the Power 
at I, be made to move in the Line c D, along the Plane MB, c D is not 


the Direction of the Power, but Al. And if the ſaid Body be raiſed ſrom E | 
to F by means of the Wedge KFL drawn under it (whilſt a Board or im- 
moveable Plane at HG keeps it from going out of the Line EF) the Line 


122 


* 
1 
* 

1 
X 
- 


150 
is 


Body as A*, may by a Force or Forces impreſs'd upon it, be made w 
move in any Direction, yet (as it always retains its Tendency towards che 


they cou'd be apply d at once to one Part of a Fortification, wouꝰd produee 


is 
1 


& 
p—_ 
* 


we are not to call the Line 12346, or 12345, which it deſcribes, its Line if 


of Direction of the Power will be LB: But if the Body having been plac'd - } | 


at K upon the horizontal Plane L, the Wedge or inclin'd Plane F be ſuppos d 


immoveable, and the Plane HG, to move from K to G, and to puſh-up* 
the Body in the Line KG, then does the Power acting in the Line of Di- 


rection KG cauſe the heavy Body to riſe the Height EF, whether it moves 9 


in the Line KG or directly up in the Line EF to get that Height. 


Hence it follows that the Velocity of a Power is not to be confi der'd in 4 


the Tame Manner as the Velocity of a Weight, (unleſs when a Power aF 
eends or deſcends directly from or towards the Center of the Earth;). for 


the Velocity of - Power is abe Space that goes through in 4 certain Time, 


which 
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A Courſe of Experimental Philoſophy. 


of the Triangle LFK. But whether the Weight riſes from K or from E 


it runs thro', it only riſes or removes farther from the Center of the Earth 


Points 2; 3, 4 along the Planes BF, GD. Therefore the Velocity of a Weight 
is always to be meaſur d by the Line of its upright Aſcent or downright Deſcent, 
which ſhews how much it is got nearer to or farther from the Center of the Earth. 
Mi are to obſerve, that this Definition relates chiefly to that Part. of Mecha- 
nics which. conſiders. the Actions of Bodies upon one another hy the Appiication 
of Inſtruments, | 1 | TS.) 


Gravity N over the Edge which ſupports the Board. Another 
Poſition of the Body, if the /Zquilibrium be fl preſerv'd, will give ano · 
ther Plane of Gravity, the Section of which Plane will give an Axis of Gra- 
vity, or a Line which has the Center of Gravity in it. A third Poſition 
of the Body may be obtain'd ſo as to find a third Plane of Gravity, which 
ſhall cut the other two at right Angles, or any large Angle, and the Inter- 
ſection of the three Planes will give the very Point which is the Center of 
Gravity. If the Body, whoſe Center of Gravity you would have, be long 
aud flexible, ſo as not to lie acroſs upon the Board':above-mention'd, + 4 
ſecond Board muſt be laid upon the firſt with a Pin in its Center, ſo that it 
may turn quite round without altering the Æquilibrium; and then long Bodies 
laid upon this laſt. Board may eaſily be mov*d on the Board, ſo as to find their 


and Legs will raiſe up the Center of Gravity a little; but ill it is always 
ſo plac d that the Limbs move freely round it, the Center of Gravity at 


Body. A Statue, though it repreſents a Man, has not its Center of Gra- 


L 2 PE ſolid 


9. [279—A Methed for finding the Center of Gravity, Sc. mecbanically.] 
If a Board, of equal Thickneſs all over, be laid upon the Edge of a Trian- 
aular Priſm Po“, or upon the ſharp Edge of any ſtraight Body placed in * Plate 7. 
BE an horizontal Situation, ſo as to be in Æquilibrio; whatever Bodies are laid Fig 4 & 5+ 
== upon ſuch a Board in ſuch a manner. that they do not alter its Æguilibrium 

= muſt have one Plane of Gravity (that is, a Plane in which their Center of 


the ſame time moving much leſs than if it was in any other Part of the 


vity in the ſame Place as a Man; for if it be hollow, the Hollows are not 
un the ſame Places as in a Man's Body, and the Center of Gravity in a 


oy 


which may be greater or leſs to perform the ſame Operation, according to Annotat. 
the manner in which it is applied; as the Power B“ moves only the Lect. II. 
Length LK, when it raiſes the Weight up-through the Line EF, by draw-, | 
ing the Wedge IL. FK through EF; but if it puſhes it up along FK ſup- Fe 2 
pos'd immoveable, it muſt move the whole Length of the Hypotenuſe FK 


to the Point E, its Velocity muſt only be call'd- EF, becauſe whatever Line 


the Height EF. So likewiſe the Velocity of A“ is only the Line nc, when „ plate 7. 
the Body runs through a much longer Space, namely from 1 to 6 thro? the Fig. 1. 


different Planes of Gravity. Thus one may find the Center of Gravity of anhu- 5 
man Body, or of any Animal. In relation to the human Body, it is obſervable; plate 2 
that whether a Man be fat or lean (nay, in a Skeleton) the Center of Gravity. Fig. 4. & 5. 
= | always near the ſame Place, viz. in the Pelvis; between the Hips, the 
0 Pubis, and the lower Part of the Back- bone. Raiſing up the Arms 
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4 
 Arinotar, ſolich naked Statue is higher than in a Mas, 1 e becauſe in fet- 
Oo H. E. up a Statue, and fixing it (efpecially- in a Place expoſed to the Wind) 
CE chars regard is to be had to place the Center of Gravity over the middle of 
©": CP the Baſe ; or, if the Attitude of the Statue does hot permit it, then the 
25 Statue is to bei ſecur d moſt Rrongly' on that Side- as x fartheſt from the 
Ceatar of Gravity: © 
Mathematicians, in order to ſettle Rules ſor fag the Center af Gravi- 
ty of Bodies, firſt give Methods for finding the Center of Gravity of 2 ar 
more Lines, then of the Periphery of Figures, then of Planes; for tha | 
Lines and Surfaces do not exiſt. ſeparate from Bodies, yet they Confider |; 
Lines as ſlender homogeneous Bodies, and Planes as extremely ehin Solids: 
and, from that Conſideration, more reculaly proceed to find the Ces ter of _ 
Gravity of Solids. Dr. Wallis has fully treated of this Subject in h Me- 
chanics, in his Chapter de Inveſtigatione Centri Gravitas, and Mony, 
Ozanam in the third Chapter of his Statics, in the fourth Volume of. his 
Courſe of Mathematics. | 
1 thall give here ſome of the moſt eaſy and uſeful Methods, and muſt - 
fefer the more curious Readers to the Authors above · mention d, and other 
Mathematicians that have particularly eonſider d the Center of Gravit 
H Line be conſider'd as an homogeneous Wire infinitely Gate 
its Center of Gravity will be in its middle Point; as the Point F in the 
1 20. Line AB. Let there be another Line as C D+ in any Poſition in reſpect 
2708 7- of AB; then if from the Center of Gravity I of AB, a Line (ſuppoſed 
WM without Gravity) be drawn to K, the Center of Gravity of 5 you vil 
have their common Center of Gravity at G by this Analogy, na 
I-06 IAS CD: D:: KT: 16 8 
| 4 if the dend Ling bad been lefs/than AB, as for e ir = 
had: been taken inſtead of C D, the common Center of Gravity wauld 
have been at I-; becauſe} N B ＋F E n 
H there be three Lines (whether they include a Space, fo: as to make 
he Feriphery of a Triangle, or not) their common Center of f Grayity m 
39. be · found after the ſame Manner as that: of three Bodies * So, 1 
may be found that of 4 er more Lines, and confequent? of ons. 25 
lt is to be obſer vidi that the Centet of Gravity of plane Surfaces is not 
| the fame as the Center of Gravity of their Peripheries, unleſs when they 
Plate 7. are regular. Thus in the Triangle ABC, which is not equilater the 
Fig. 7. Center of Gravity ef the Periphery will ibe found at , * to the An- 
gde B chan I; which is the Center of Gravity, of the Triangle. For 
_ (by 39.) P and E being the Centers of Gravity of the two Lines A B aud 
© BC, F:is fond to be their common Center of: Gravity; and H the com- 
mon Center of Gravity of the three Lines A B; BC, and C A. 
I To find the Center of Gravity - of x Fri gle, draw a Line from the 
middle of any Side to its oppoſite Angle as GH: Let GT be taken = + 
of the ſaid Line, and the Point I will be the Conter of Gravity of the 
Triangle. Now as every rectilineal Figure may be divided into Triangles, 


rtrhe common Center of all the Triangler will be the Center * Gravity of 
the Figure. N Let 
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Let AB and CD bv de: 3 (whether, Surfaces: or Salids) Annotat 
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whoſe particular Centers of Gravity are at F and G, the Center of Gra- Led IL II. 
vity of their Sum, or of A P, vill be at E; but if yau. wauld have the rms 


Center of Gravity of the Difference: of two-Quantities, their particular Cen- 


Plate 7, 


, for Example, the Center of Grayity of f 3% 


CD, which is the Difference of the two Quantities; A R and AD, whoſe 

particular Centers of Gravity are F and E Y draw HE, and produce that 

Line towards G, and you will find the Point G the Center of Gravity re- 
quir'd by this Analogy OD: AB:: FE: EG. That is, As the Diffe- 


Ss e the leaſt Quantity 3 ſo is the Line FE; te ite Line E G, ar the 
Length of the Praduiien of the Line F E. 


The Center of Gravity of a Cone is in its Axis, at rhe, Diſtance of one 


fourth Part from the Baſe ; as for Example, in the Cong AB C=, TE 


Axis is D et the Center! of oat . n 5 Fon K "R bring "a 
S 


Baſe D ef the Axis; A 1 DF with be Spe = 5 ud 


idee 


If A BIK be a truncated Cone, to See ichen ß, Gravity,: Jett the 
Cone be compleated, which will then be A'C'B:3 then having found the 


Center of Gravity of the Cone ABC (namely, the Foint F) and the 


Center of Gravity of the Cone IC K (which is the Point E) join thoſe 
Centers together by che Eine FE; then confidering that ABK I is the 
Difference of the two Quantities A CB and IC K, you will find its Cen- 
ter of Gravity by tile Rule een hich! in be at 83 a 
A'FER : PRE -:oE FISGH = bn 

If a Bucket be mache of Copper, Tin, Non Wood. in che Shape of a —_ 
wurd Cone; the Center of Gravity of ſuch! a Veſſel will not be in the ſame 
Place hel it is empry as when the ſajd Veſſeb is full ; which Conſidera- 


tion is uſeful 1 in ſeveral Caſes of Mechanics iu general, and Hydraulics in 


particular. Fer by that means Veſſels made of the Shape above · mention- 
ed, which being ſuſpended! and movrable upon Pins or an Axis (paſſing 
between! the Oeßter of Graviry: of the empty and the Cemer of Gravity of 
the full Veſſel) fall turn wich the Bottom upwards: when empty, will, he 
drawn directly up with the Bottom downwards when full; or on the con- 
trary have their Mouth upwards when empty, and turn over and empty 
themfelves as. ſoœn as they àre quite full. 


Let ABE DU be the Section of cxodcatedbollonC Cosa Veſſel,! whoſe * * Plate 7. 
Mouth is AD. Its Center of Gravity by the: Rules:above-rgention' will Fig. 10. 


be found to be at c but becauſe the Bottom or Bottum - plate B E is of 
ome Weight, the Center of Gravity will. be. brought down tq C. The 
Center of Gravity of the full Veſſel (which: will:be-a ſalid truncated; Cone) 
will be at K. IF therefore the Axis of Suſpenfionstie:plated.;between thoſe 


two Centers; as at O, [ Tig. 11.]* ſuch a Veſſel when.empep may be drawn ® Plate 5. 
up and down hanging with the Mouth downwards, hus.cume-up- when fully Fig. 11. 


With the Mouth upwards, This is of uſe in a Chain of Buckets going 
roun 


3 


4 N 
- 0 1 
> * 1 . = — 
0 menuta 'P * 
7 * „ 1 


SPE. * | na. Don. ti. aaa 3..a Ss ns bo — 8 > * 2 . * 
an Axis or Rag wheel to draw Water from a Depth and deliver it 
r 35 52 green to onion wha mag od 7 


oy 


2 Bar if 2 % be fuch'a Veſſel, only with this Difference, that the Bot 


Plate 7. ; 
Fig. 12. 


Plate 7. 


. 


Plate 7. 
Fig. 14. 


Plate 7. 
Fig. 15, 


. 


tom is fix'd to the narrow Parte d, and the Mouth is at a0; the Center 
of Gravity of the empty Veſſel (without conſidering the Bottom) is at c. 


but by the Weight of the Bottom brought to C, the Center o Gravity 


of the full Veſſel will be at K. If ſuch” a Veſſel be ſuſpended between 
thoſe Centers, as #t O (Hg. 13.) it will continue with the Mouth upwards 
when empty; but turn over, as ſoon as it is full. Such a Bucket may be of 
uſe to raiſe Water by a Machine made with a Couple of Buckets fix'd to a 


Beam which moves upon a Center unequally diſtant from its Ends, in ſuch 


. manner that a Bucket fix dito the ſnorter Brachium raiſes up a Bucket at the 
ther End, ſo as to make m its Water in a Ciſtern above. --- But a 
fhort Deſcription and Figure will f 


make the Thing more plain. ; 
AA, are the two Spouts running from a Brook or Spring of Water into 
the two Buckets D and E, D containing about 30 Gallons, and being call'd 
the Ing Bucket ; and E, the gaining Bucket, containing leſs than a quarter 
. h. 


DE is a Leaver or Beam moveable about the Axis or Center C; which 
is ſupported by the Pieces FF, between which the Bucket D can deſcend 


when the contrary Bucket E is rais'd up. D C is to C E, as 1 to 4. 


L is an upright Piece, through the Top of which the Leaver K I moves 


about the Center L, fometimes reſting on the Prop H, and ſometimes rais'd 
from it by the Preſſure of the Arm C E on the End I. SE 


The Bucket D, when empty, has its Mouth upwards, being ſuſpended as 


above-mentioned. The End D with its Bucket is alſo lighter- than the 


End with the Bucket E, when both are empty. By reaſon of the different 


Bore of the Spouts, D is fill'd- almoſt as ſoon as E, and immediately pre- 
ponderating, ſinks down to D, (Fig. 15.) and thereby raiſes the contrary 
End of the Leaver and its Bucket E up to the Ciſtern M, where it diſ- 
charges its Water; but immediately the Bucket D becoming full, pours out 
its Water, and the End of the Leaver E comes down again into its horizonal 
Situation, and ſtriking upon the End J of the loaded Leaver I K, raiſes the 
Weight K, by which means the Force of its Blow is broke. If the Diſtance 
A, or Fall of the Water be about fix Foot, this Machine will raiſe the War 
ter into the Ciſtern M 24 Foot high. Such a Machine is very ſimple, and 
may be made in any Proportion according to the Fall of the Water, the Quan- 


_ tity allowed to be waſted, and the Height to which the Water muſt be raiſed. 


« Some Years ago a Gentleman ſhew*d me a Model of ſuch. an En- 
« oine, varying ſomething from this, but ſo contriv'd as to ſtop the run- 
„ ning of the Water at A, A, when the Leaver DE began to move. 
According to this, he told me that he had ſet up an Engine in Vreland 
« which raifed about half a Hogſhead of Water in a Minute 40 Foot high, 


4 and did not coſt 30 Shillings a Year to keep in Repair; and that it was 


* not very expenſive to ſet it up at firſt.” 


{nll | h | 3 9 8 


10 3 Windmill muſt be 1 Fs and a Crane.) This is Annotat. 
not ſtrictly true in Practice; becauſe a Regard: is to be had to the Force Le&t. II. 
with which the Wind puſhes the whole Windmill. back with part of its — 
Preſſure, whilſt it turns the; Sails with the reſt; and therefore the Line of ' 
Direction paſſing through the Center of Gravity, muſt fall before the Axis of 

the Poſt nearer the Sails. Likewiſe in a Crane (I mean ſuch a one as whol- 

ly turns round with the Weight) Regard is to be had to the Weight which 

is to be lifted by it; and the Center of Gravity of the Crane placed ſo much 

back from the Weight, that the Line of Direction may only paſs through 

the Middle of the Shaft, when the Weight en TOI the Cern of 

Gravity Wee is hanging upon the Crane. 8 


1. [32.— —The Center of Gravity will remain af 760, Kc. ] "= Sir 


lac Newton's Princigi, © Corol. LA of the Laws of Pos 2d Edition, 
Page 17. X 5 | F | 


12. [37. „ in ; the JIG * the Spindle o or R Cone 
of Plate 4. Fig; 14. be repreſented here ſeen endwiſe (Plate 8. Fig. 1.) AF Plate þ 
is one of the riſing Rulers upon which the Body is to roll, A G the hori- Fig 14 

zontal Line, B the Vertex of one of the Cones. Let F G the lower part Plate 8. 
of the Screw S be made equal to e E, which is ſome what leſs than the Se Fig 1. 
midiameter of the common Baſe of the two. Cones; or (which is the ſame 
thing) let E F be another horizontal Line paſting a little under B the Axis 
of the Cones, and BF will be the Way of the Center of Gravity of the 
Body, which Line having a Declivity „ the Center of Gravity of 
the Body muſt deſcend; and conſequently bring the Body along, more or 
leſs ſwiftly, as that Declivity ! is quicker or ſlower.  _ 

The Cylinder of Figure 15. Plate 4. is made of light Wood, witha ſmall ve 4. 
Cylinder of Lead at K, going quite through it near the curve Surface, and Fig · 15. 
parallel to the Axis of the great Cylinder, to the Intent that the Center of 
Gravity of the compound Body may be remov'd from the Axis M into 


the Line KO; and then the Cylinder muſt be fo laid on the inclin'd Plane 


AC, that the Center of Gravity of the ſaid Cylinder may deſcend whilſt it 
is rolling towards R, which will make it go up the Plane till the Center of 
Gravity is fallen as low as it can: Suppoling always a String fix'd to the 
upper part of the Plane, and going round the Cylinder, to keep it from | 
ſiding when the Plane is.not horizontal, as in the Figure. 3 
As the Length of the Cylinder does no way relate to its riſing on; a; 
being ſupported by, the inclin'd Plane; in conſidering the Motion of the 
Cylinder on the Plane differently poſited, we ſhall in the ſecond Figure of 
Plate 8. only conſider the Sections of the Cylinder, Plane, and Horizon, Plate 8. 
PTA is the Section of the wooden Cylinder, C A that of the leaden is 2. 
one, C the Center of Gravity, M the Center of Magnitude: and P.Q the | 
Section of the Plane at firſt ſuppoſed horizontal. 
I ſay, firſt, If P a be taken. upon P Q equal.. to. P. I A, the balf Gir: 7 


cumference of the Cylinder, the Point @ will ve the fartheſt Place to which 
the Cylinder will roll. When 
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cer to che horizontal lane, -as in fax ire x the LO Sal 12 


fill, because che Center of Gravity is directſy over the Center of Mo- 


tion at P, but as foon as C is ever 40 fittle inclin d towards 'Q, the 
BG) wilt rell till che Poitir A A comes do a, deſeribing the Semi- yctoid A a, 
whilſt all the Points of the Sefriicircte a aply themfehves #iiceelfively to the 
Line PA 4, Which is the Buſe of tlie Cycloid. That the Cylinder will 80 faite 
ro u, is evident by obferving Ce the Way of the Center of Gravity, Which 
$$ not! id irs loweſt Place till it is come to c, and muſt afterwatds riſe to⸗ 
Wards , if the Body roH'd on farther: and therefore if by the Veloc 
acquir'd the Body ſhould go on tb Wards Q. ithe Center of Gravity in goin 


8 down Again from «, will bring back the Body to a; the Diameter PA 


_ again pe perpendicular tothe Horizon, but mn the myerred Poſitions 9. 


wn ſay ſecondly, that if the Plane ba inclin'd to the Hg in any Angle, 
whoſe right Sine is equal to MC the Diſtance of the Center of Magni- 
tude from the Center of Gravity, the Semidiameter of the Cytinder 8590 


Neadius: the Cylinder laid upon Tuch a Plane will neither — 5 or deſcen 
when the Center of Gravity is — er the Point T, where che Cy. 
Nader touches che Plane, Perce it 


kept from Niding by a String go. 
ing under it“, in the Manner reprefented in the 15 N of ar 4. 

Tura the Cylinder till che Center of Gravity is at K in the ſame ho- 
Monte] Line with the Center af Magnitude or. (Which is the fame thing) 
ill re Semidiameter M A becomes Ma; een K drop the Perpenchch- 
jar K T, which cuts the Circle at T. and dtaw che Radius MT. to 
which the Plane II v being made perpendicular, you will have the R le 
DQ made by the Plane with the Horizon, equal to the Angle MT 
whoſe Sine is M K equal to MC. For by producing Ma to L, it is een 
Kt 8. Wor Eve.) chat che Angle MT KK I. T, but (o) 29. 1. ud 

LI 

In this = it is evigene by Conſtruction, chat the center of Gr 


viry* cannot 'deſcend, becauſe the Line of Direction i is fupported ar T_ 


where the Plane touches the Cylinder. 

For if the Body was roll'd up any higher on the Plane to bring K to- 
wards v, T the touching Point would advance faſter towards v than K does, 
and thetefore the Line of Direction would cut the Plane below T towards 
D, fo that the Center of Gravity would deſcend and bring back the Cy- 
under to bear on T. Tbe other way the Body would roll down, upon 
thovingK'ever fo little towards D, the Line of Direction then advaheing 
Faſterowards D than the Point of Contact T. This may be made plainer by 


cobſidefing the Cylinder as à Balance; as for Example, if M be à Balance, 
Suſtaining om its End Ma Weight, equal to the Weight of the Cy linder 


without the Lend, and on the other End w, a Weight equal to the Exceſs 
of Weight of the Lead, above the Bulk of Wood: whoſe Room it takes 
up. Let K be their common Center bf Gravity, found as ks been 
ace Then eonfidering K T as an inflexible ns . "ig 


K WE =2 7 alla ALI ere; 
_ - 8 . = * 
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taining the Balance at K, the Balance will continue in Aquilibrio, whilſt Annotat. 
the Prop is ſupported by bearing on T, the Place where the Plane touches Lect. II. 
the Cylinder. If the Plane ſhould make a greater Angle with the Horizon 
the Point T being remov'd farther towards L, it would be the ſame, as if 
the Prop ſhould endeavour to ſupport the Balance between K and , in 
which Caſe the Weight M wou'd preponderate, and carry the whole Cy- 
inder towards P; but if the Plane makes a leſs Angle with the Horizon, 
T will go towards D, and the Balance then being propp'd between K and 
M, the Weight at w will preponderate; and carry the Cylinder towards L. 


EE. D. | 
EO 0 den 


Hence follows alſo, that there muſt be an Angle 4D Q leſs than =» DQ, 
which will be the Inclination of the Plane, on which the Cylinder above- 
mention'd can roll to its greateſt Height on the Plane. For if the Angle 
DQ be diminiſh'd a little, the Cylinder will roll towards 7 going upwards 
and if the Plane D Q be rais'd a little, ſo as to make a ſmall Angle with 

the Horizon, the Cylinder will riſe on that Plane, tho' it will not roll ſo 
far upon it as in the horizontal Situation. If this Angle be increaſed, the 
Cylinder will riſe higher, as its Way on the Plane ſhortens, but not be- 
yond a certain Number of Degrees of Elevation, at which Elevation the 
Cylinder will go no higher above the Horizon, tho” its Way meaſured on 
the Plane will .continually ſhorten till it is contracted to a Point when 
the Inclination is in the Angle DQ. Likewiſe as the Angle v D Q (by 
lowering the Plane Dx round the Center) diminiſhes, the Cylinder will go 
higher as it rolls farther on the Plane, till the Angle is diminiſhed to a 
certain Number of Degrees, after which the Cylinder will riſe leſs ; but its 
Way meaſured on the Plane will increaſe, till the Plane comes to be hori- 
zontal. Therefore there is an Angle of the Plane d DQ, which is a 
Maximum, as to the riſe of the Cylinder on the Plane. [4 

I ſay, Thirdly, that the Inclination of the Plane being given on which 
the Cylinder will riſe to the greateſt Height (or any other Inclination of a Plate 8. 
Plane on which it can riſe at all) the length which the Cylinder will go on Fig 3: 
the Plane will be equal to the length Tv= T V, which is equal to half 
the Circumference minus the Arc AV, which Arc AV contains twice the 
Number of Degrees of the Plane's Inclination, together with the Degrees 
of twice the Difference of the Angle at the Center of two rectangular 
Triangles, which have MN the Sine of Inclination for Radius, but their 
Secants are M R the Semidiameter of the Cylinder, and MC the Diſtance 
of the Center of Gravity from M the Center of the Cylinder. Moreover, 

I being the Length of the Cylinder's Progreſſion on the Plane, the 
Height of the Plane at o, viz. the Perpendicular v Z, will be the Cylinder's 
Riſe above the Horizontal Line. | 


Vox. I. | | & 7M ? PREP A- 
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Annotat. 
Lect. II. 


de oP: Roi iP if RAT 10 N 


P Qis the Horizon and P ꝗ the Plane of given Inclination. Since P 
cuts the Circle PVA, the Cylinder cannot rife upon it, therefore we ml 
take another Plane parallel to it. The Diameter P G being drawn perpen- 
dicular to the Horizon, and R T thro' the Center of Gravity Cor 8 pa. 
rallel to PG, draw the Diameter T A, making the Angle PMT 0 
the Inclination of the Plane, and draw II v perpendicular to that Diameter 
at T, and IT will be a Tangent Plane parallel to the former; (for PMT 
being equal to M T R, becauſe of the Parallels PG, R T, and the common 
Angle R Tv being taken away from the two right Angles M T v and 
RI Z, vTZ the Angle of Inclination of the new Plane II will appear 
equal to the given PMT) draw MR; thro' C draw My; make 
the Angle X CM equal to MCT, produceXC to V and draw MV. Be- 
cauſe X CV is one ſtraight Line and at the ſame Diſtance from the Center 
M as RT, therefore CR and CV are equal (by 7. 3. of Eucl.) ſince the 
Triangles CMg, C Me are equal (by 6.7.8. 1. Eucl) the Angle RMV is 
biſſected. Draw MN the Sine of the Angle of Inclination, and the De- 
grees of the Arc RV, or the two Differences mention'd will be found by 
comparing together the Angle of Inclination and the Triangles R M N 
and CMN, 15 5 

The Cylinder being laid on the Plane in the Poſition deſerib'd in the Fi- 
gure, will not only remain at reſt, if the Center of Gravity be at S, but will 


return to that Poſition when moved out of it towards H or towards v, be- 


cauſe in each of thoſe Cafes the Center of Gravity muſt riſe, and therefare 


S T muſt be the Diſtance of the Center of Gravity from the Plane, mea- 


ſured upon the Line of Direction of the Center of Gravity when neareſt to 


the Plane, over that part of the Plane, where the Cylinder rolling upwards 


or. downwards will ſtop its Motion. Now if the Center of Gravity be 
brought to C, it is evident that C R will be equal toST, and that C V 
will alſo be equal to it, becauſe by Conſtruction it is equally diſtant from 
MF a Line going thro' the Center, and conſequently = CR; alſo that no 
other Point of the Circumference will be equally diſtant from C. Then it 


the Center of Gravity from the Point C in the Line RT, where it is ex- 


actly over the Point of Contact, be ever ſo little mov'd towards v by puſhing 
the Cylinder that way, the Cylinder will roll on the Plane, and if it ad- 
vances the Length of a Semicircumference till the Diameter T A is in- 
verted and becomes a t, the Center of Gravity will be got to c the Chord 
T R being now 77; but ſince does not touch the Plane, the Center oi 
Gravity muſt deſcend again and bring back the Cylinder till z (which was 
the Point V) returns on the Plane to v, where X Ku will be the Chord 


which was mark'd XCV in the firſt Poſition of the Cylinder; K being 


the Center of Grayity, and K v which is equal to C V being in the Situation 
of S T, and the whole Cylinder bearing on v juſt as it did on T, when we 
ſuppos'd S the Center of Gravity, T A and T R being turn'd into Ta - 

| | 16 
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Te. Therefore the Diſtance To on the Plane will not be equal to the Annotat. 
Smicireumference, but want of it the Arc a n AV. Conſequently Lett. II. 
the Length run on the Plane by the Cylinder will be equal to the Arc T V. 
which may be found by the Thread applied to the Cylinder from F to v. 

New the Number of Degrees of this Arc T V may be found in the follotoumg * 
Manner. | | N 8 

The Angle of Inclination is v TZ νι MTN MRN TMP 
AMG=GMR. 2 BEE 5 1 

In the rectangular Triangles MRN and M CN, NM the Sine of Inclina- e 
tion of the Plane is the Radius common to both; MR the Semidiameter of 
the Cylinder is the Secant in the Triangle M R N, and M C the Diſtance of 
the Center of Gravity from the Center of the Cylinder is the Secant in the 
Triangle WMC N. The Angle RMN - CMN=RMC; therefore 
RMV S2 R MC, which may be found by Trigonometrical Tables, and 
conſequently it is known. But the Angle of Inclination being given, its 
double is given, therefore A V and TV are known. ©. E. J. | 

To apply what has been ſaid, let us ſuppoſe the Center of Gravity of the 
Cylinder to be diſtant from its Center of Magnitude +5 of the Radius, that 
is, to, be at the Point C in the Figure“. : * Plate 8. 

The Angle p7 g of the Plane, on which the Cylinder cannot riſe is thus * 
found, by Analogy; | 5 | | | 

AsMbistoMk:: (3: 2 : :) So is the whole Sine: To the Sine of the 

Angle MI&=!/MP=mplg=419. 48 +, &c. 

The Maximum of the Angle of the Plane on which it will riſe moſt is in 
this Caſe found to be 262, and the Height of that Riſe is v Z = 42,85, ſuch 
Parts of which the Circumference of the Cylinder contains 360. 


L 


N. B. Hunce it appears that the Maximum 5s not in the middle of the Angle 
lg, or at 209, 54', as one might at firſt imagine. | 
Now let us ſuppoſe the Angle of Inclination from the Plane to be 15, the 
Length which the Cylinder will roll on the Plane, and the Height to which 
it will go above the Plane's Baſe will be found not only in the Manner above- 


EY but alſo two other Ways, which for Variety-ſake I ſet down 
ere. | | 


PRE PU RAY WM 


The Center of Gravity being in the Paint C, at % of the Radius of the O. 
linder Mf b from #ts Center M; making the Arc f V R f, and drawing thro? 
the Center of Gravity C the Line V C X, the Segment V b X is == to the 

_ SementR2zT, and conſequently when the Cylinder has trac'd on the Plant 
Us the Arc. T 2 V, it will reſt and be equipois'd (on the Plane) upon the Point 
V, for the ſame Reaſon that it is ſo upon the Point T before its rolling. i 

As the Angle of the Plane v TZ is= 15%, that Angle is equal to the 

Angle PM T = MR; therefore there only remains the Angle R M 8 
ming ö e e 
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- man to be found, or its half RM fs and the two following Ways give the 
Lect, II. 
— 


\ 


RMC, or R C/, if from 229. 50' be ſubtracted 7, for the Angle MRC 


the Arc VZ T 1349. 20 for the Way of the Cylinder on the Plane T », 


I thought would not be unacceptable to the curious Reader. 
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a 


ſame Value for it. 
1. Since the Sine G R for the Angle * M R, when the Radius is the 
Radius of the Cylinder, is equal to y C, the Sine of the Angle Y M for 
the Radius of o C 4, the Circle of the Center of e I ſay, 


As the Radius of the Center of Gravity : | 
To the Radius of the Cylinder::: (or as 2 to 3) 55 
So is # 688 190, the Sine of 15 for the Radius of the Center of 
Gravity: 
To 38822852 =GR or y = the Sine of the Angle 5 My, which is 
found to be 22%, 50 +. 


From which therefore 7225 Os the Angle 5 NR =I 5 a there will 
remain 7%. 50 for the Angle RMf=fMV. Therefore the whole An- 
gle RM Vis 2 13%. 40 8 to which adding 309 for the two equal An- 
gles MR, PMT each of 159, the whole makes 459, 40 + to be ſub- 
tracted from 180, equal to half the Circumference ? V 2 T P of the Cy- 
linder, and there remains the Arch VI for the length run by the Cylinder 
rolling on the Plane Tv. 

2. The other Way to find the Angle R M/ is thus; 


In the Triangle R MC are given RM, M C, and the Angle MRC 
, therefore I (ay, ;...- | 
As the Radius of the Center of Gravity : | 
To the Radius of the Cylinder : : (or as 2 to 3, or MC MR::) 
So is the Sine of the Angle M R Cof 3 22388 
To 3882285 the Sine of the Angle NCM, or RC iz. 504. 


And that Angle R C f being equal to. the two oppoſite Angles MRC, 


=R M3, there remains the Angle ſought R M f= 79. 50'-+, as before. 
| Having therefore ſubtracted 459. 40' + from 180, there will. remain for 


that is, 134% of ſuch Parts, of which 360 make the Circumference of the 
Cylinder, by which. one may find the Height v Z to which it riſes on the 
Plane, en 
As the Whole Sine: 
To 1343: 
So is the Sine of the Angle v P F 
Tov Z=34,77— N E. J. 


Mr. Charles de L having further conſider'd the Motion of the 
loaded Cylinder (ſee Plate 4. Fig. 15.) as it rolls up on an, inclin'd Plane, 


communicated to me ſeveral Propoſitions relating to that Motion, which 
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HV=vY, there will: remain T VOS the Arc TV required, 
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"1 5 POOP, be Plate 6. Fig. 3. 
' To find T S univerſally. 7 Da . 115 
Let M Ta, MS, M B==y. Then we ſhall have Ya - * 
B T, and y þþ—xxF=BS, Now, ſince B T-BS=TS, it will follow, 
that V a a—xx—bb—v bb—xx=TS; which conſequently will be 


known by making x = to the Sine of the Angle of Inclination of the Plane 
with the Horizon, ſuppoſing MT Radius. | | 


Another Way, without extracting Roots. 5 
As MS (S): is to the Sine of the Angle MIT S:: fois MT (Sa): 


to the Sine of the Angle MT S; which being known, MS is alſo known. 


Then ſay, 


As the Sine of the Angle MT'S: is to MS (=): : fo is the Sine of 


the Angle T MS: to TS required, | 

Now, ſuppoſing the Center of the Gravity in C, it is evident, that the 
Cylinder will roll up till the Point V in the Circumference (having made 
CV=CR= TS) comes to v; for then the Center of Gravity will be in 
the ſame Poſition, as when at S over T. And to find in what Point of the 
Line Ta the Point V will be 1. e it is evident, that the Line To will 
be equal to the Arc T V: there 
ting Circle is equal to the Baſe of the Cylinder, and Vertex at T, and Axis 
upon T A, if you draw VO parallel to the Plane T F; by a Property of 
the Cycloid, the Line VO, being part of an Ordinate, will be equal to the 
Are T V. Therefore making Too equal to VO, you will have » the Point 
required. | PTY = 
| Another Way. 


ore ſuppoſing a Cycloid “ whoſe genera- Pl. 6. Fig. 4. 


Since the Ordinate H O 1s made up of V O equal to the Arc ſought, | 


and H V equal to the Sine of the Angle of the ſaid Arc; by placing the 
ſame Cycloid, ſo as to have its Vertex at H, and Axis on HT, it will 
cut the Plane in Y, ſo that HO will be equal to T Y ; from which ſub- 


tracting Y v=H V, the Remainder will be To VOS the Arc T V re- 


quired. | | 

8 ; Another Way. 7 
Draw through V, VH parallel to the Plane; and placing the Cycloid 
with its Vertex at W, and its Axis on WL parallel to H T, it will cut 
the Plane at o; for Lvu=T Y= HO, and LT being equal to WH 


FPR Op. 2. Plate 6. Fig. . : 36; 


It may be farther aſk'd, What Degree of Inclination to the Horizon, a 
Plane muſt have for the Cylinder. to. roll up that Plane the Length of any 


ven Arc of the Circumference of its Baſe z as for Example, ſuppoſe the 


Arc given to be T V. 
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Atnotat. To find this, we muſt confider, that when the Center of Gravity is 
Lect. II. over V, after the Cylinder has rolb'd, the Line CV, drawn through that 
center of Gravity V, will make the ſame Angle with the Line VM 
: (drawn through the Point V and M, the Center of Magnitude). as the 
Line CT makes with T M, when the Center of Gravity is at S over T. 
Now, ſince the Angle CVIorCV Mis equal to CT M, and CIV= 
to its Oppoſite MIT; it muſt follow, that T MV given, is equal to 
TCV ſought. Whence we conclude, that a Circle paſſing through T, 
M and V, will alſo paſs through C. From whence we obtain this fol- 
lowing Method :----The Arc TY being given, to find the Center of a Circle 
lh | paſſmg through T, M, V; which Circle will cut a Circle deſcrib'd round 
itt the Center of Magnitude, M (with the Diſtance, of the Center of Gravity 
. : from it) at C: then making CR=CV, drawRCT, and where it cuts 
It the Circle of the Baſis of the Cylinder at T, draw M T, making the 
Wt Angle MT'S; and this Angle will be equal to v T Z, the required Angle 
| of Inclination of the Plane T v, as is evident from what has been ſaid. 


Do PR O p. 3. Plate 6. Fig. 5. | 

| | It may be alſo demanded, Tow many Degrees of the Circumference, or 

| | what Part of an Arc will the Cylinder roll upon, to deſcribe *@ given Space on 

0 the inclin'd Plane; that is T v, being given to find T V. This may be 

| done two Ways; for having the Diameter, you muſt fay--- As 113: is to 
355 :: ſo is the Diameter: to the Circumference, half of which will be 
the longeſt To, which the Cylinder can deſcribe. So by the Rule of 
Proportion ---- As half the Circumference : is to 180 Degrees: : fo Tv 
(meaſur'd in Parts of the ſame Bigneſs, as thoſe of the half Circumference:) 
will be to the Number of Degrees in the Arc TW“. 

h But if it be requir'd to find the Point V by Conſtruction; upon the 

* Pl. 6. F. 6. Point T of the Line To“ or the Plane given, erect perpendicularly the 
Line T A or Diameter of the Cylinder, and deſcribe the Circle equal to 
the Baſis of the Cylinder; then placing the Cycloid made uſe of before, 
ſo that the Axis being kept parallel to the Diameter of the Circle (which is 
here equal to the generating Circle) when the Vertex of the Cycloid is in 

l the Circumferenee of the Circle, and the cycloidal Curve falls at the ſame 

"t 25 Time on the Point v; you will have given you, by the Vertex of the Cy- 

i | cloid, the Point W: then taking T V equal to T W, it will be alſo equal 

| to Tv, from what has been ſaid before, Sc. ' 


As for finding the true Maximum of the Riſe of the Cylinder, it cunnot be 
obtain'd without finding ſome algebraick Formula, or Expreſſion, for he Kije 
| of the Center of Magnitude, as well as another Formula, without any more 
i unenoton Quantities, than in the former Way of expreſſins the Deſcent of the * 
| Center of Gravity of the Cylinder whilſt it is rolling. Now for a due Conſi- 
SB deration of the Figure, it appears, that theſe Formule require the Red. 
| cation of the Circumference of a Circle, or of form? Arc thereof ; ae hieb, not 
; being poſſible to be done without the infinite Series's, bas mude m leav? the 
. Ful eck. | FE rye os 13. 
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as SCA, going thro” the Sun's Center C: Or, to ſpeak like an Aſtronomer, 
let all the ſuperior Planets be in Oppoſition, and the inferior ones in 


87 


13. [19. = Common Center of Gravity may be found, &c.] By this Annotat. 
means may be found the Center of Gravity of our Syſtem, in any Poſition LeR. II. 
of the Planets . Let us firſt ſuppoſe them all on one Side and in a Line 


— manned 
* See the laſt 
Edition of 
Sir Jſaac 


their inferior Conjunction. Firſt, The common Center of Gravity of Mer- Neablen's 
cury and the Sun will be very near the Sun's Center; becauſe the Quantity P {march B. 
of Matter in the Sun is more than a Million of times greater than in NMercury, > > la 


| idi 1 late 8. 
and Mercury is not 82,5 Semidiameters of the Sun diſtant from the Sun's Fig:. 


Center. Secondly, Venus (ſuppoſing it, as very probable, to have about the 
ſame Quantity of Matter as the Earth) takeh into Conſideration, will bring 
the common Center of Gravity of the three Bodies but a little forwarder, 
viz, to 2, becauſe its Maſs is to the Sun's but as about 1 to 16928 2, and 
its Diſtance from the Sun's Center but about 145 Semidiameters of the 
Sun. Thirdly, The common Center of Gravity of the Earth, and the three 


Bodies above-mention'd, will be brought but to &, or a little forwarder. 


Fourthly, The common Center of Gravity of Mars and the other four Bo- 
dies will be brought ſtill a little nearer to the Surface of the Sun, as to 6, 
but not half way from the Sun's Center to its Surface. Fifthly, The Quan- 
tity of Matter in Jupiter being to the Quantity of Matter in the Sun, as 
1 to 1067; and Jupiter's Diſtance from the Sun compar'd to the Sun's 
Semidiameter in a Ratio ſometimes greater; the common Center of Gra- 
vity of Jupiter and the Sun will be a little way without the Sun's Surface; 
and therefore the common Center of Gravity of Jupiter and the other 


five Bodies will come to A, a little farther out. Loftly, As the Matter in 


4+ 


Saturn is to the Matter in the Sun as 1 to 3021, and the Diſtance of PL 6. Fig. 4. 


Saturn from the Sun is to the Semidiameter of the Sun in a Ratio ſomething 
leſs; their common Center of Gravity, without the other five Bodies, would 
be in a Point as Þ, a little within the.Sun's Surface and therefore the com- 
mon Center of Gravity of all the ſeven Bodies will be at I, till a little far- 
ther out from the Surface of the Sun, but hardly a whole Diameter diſtant 


from the Center of the Sun. When Jupiter and Saturn are on different Sides 


of the Sun, this common Center of Gravity will always be within the Body 
of the Sun, let the other Planets be in any Poſition, becauſe of their Near- 
neſs, and the ſmall Quantity of Matter which they contain. It is this com- 
mon Center of Gravity of our Syſtem which is at reſt, and not the Center 
of the Sun; for the Sun has a kind of wabbling Motion about this Center, 


The little Difference made by the Comets and Satellites of the primary Planets is 
net worth mentioning here. | | 


14. [43 


(quare, 130 Foot high, its Top over-hanging the Baſe only nine Foot. See 
the ſixth Figure. 5 Bo 
2 


Animal 


Line of Direction falls within their Baſe.] The Tower of Plate 8. 
Piſa is a round Tower 138 Foot high, whoſe Top over-hangs the Baſe 15 # 
Foot, as repreſented in the fifth Figure: And the Tower of Bolenia is 


ig. 5, and 6. 
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| Annotat. Animal Motions are always ſubject to theſe Rules, which we obſerve 
Lect. II. without thinking on them. 
— mined 

Rate 8. 


Fig. 7. 


* Plate 8. 
Fig 10. 


Plate 8. 


Fig. 7, 
and 9. 


* Plate 8. 


Fig. 9g. 


+ Plate 8. 


Fig 8. 


plate 8. 
Fig. 13. 


PES 


5 


Baſe. 


| When we ſtand upright with our Feet, as re- 
preſented in Fig. 7. the Line of Direction goes thro' the Point C, and 
paſſes between our Feet and D, and we may move our Head from F to E 
or G, and our Bodies forwards, backwards, or ſide-ways, as far as I or H, 
without Danger of falling or ſtirring our Feet, as long as the Line of Di- 
reCtion traverſes no farther than I A or H B, and falls any where within 
the Space A B; which in this Situation of our Feet makes a pretty large 
But if we ſet one Foot before the other, as in Fig. 10“, a little 
Pulh fide-ways will make the Line of Direction (which went thro? C) fall 
out of the Baſe to the right or left, towards E or B; in which Caſe a 
Man muſt fall, if he does not quickly remove his Feet to the. Poſition of 
Fig. 7, or 9. When we ſtand upon either Leg we mult bring our Body ſo 
much over the Foot A B or DE“, that the Center of Gravity being directly 
over it, the Line of Direction may go thro*cor K; and in walking, the Line 
of Direction mult travel thro* every Place where each Foot is ſet down; 
going ſucceſſively thro? the Points + E, A, D, B, whilſt the Center of Gravity 
goes thro? the Points G, C, F, Sc. ſo that unleſs a Man, in walking ſtraight 
forward, ſets one Foot directly before the other, the Line of Direction will 
not deſcribe a ſtraight Line upon the Plane where the Man walks, bur 


an indented Line; that is, Angles to the right and left, whilit the Body of 


the Man goes on in a waddling Motion. This we ſee in the walking of 


fat People, and all others that ſtraddle in their Gait |. 


It is not ftriftly true, that any Man in 


his common Walk ſets one Foot ſo exactly 


before the other, as to carry on the Bottom of 
his Line of Direction in a ſtraight Line, as re- 


. 10. and i 1. Becauſe if a ſtraight 


ine be drawn with Chalk, it is difficult to 
walk ſtraight along it; but the plaineſt Proof 
is the Obſervation of two 11 Sticks, of 
about the Height of a Man, the one painted 
white and the other black, and ſet up about 
ten Vards beyond one another, in the ſame 
Line that a Man walks towards them: for in 
ſuch a Caſe, tho' he keep one Eye ſhut, the 
laſt Stick will appear ſometimes on the right 
and ſometimes on the left of the firſt; and 
the more ſo, the nearer the Man comes to the 
Sticks, Rope-dancers “, indeed go in a ſtraight 
Line; but it is what they have learn'd by 
Art, and inur'd themſelves to by long Prac- 


tice; yet they muſt even after all have Helps 


to keeptheir Center of Gravity over the Rope. 
"They generally fix their Eyes on ſome diſtant 
Point in the ſame Plane as the Rope. They 
have commonly a long Poleloaded at the Ends 
with the Balls of Lead B, 4, by the Motion of 
which they can alter the Poſition of the com- 


The Line of Di- 
rection 


mon Center of Gravity of their Body and the 


Pole; as for Example, the Center of Gravity 


of the Rope · dancer CA being at A, his Line 
of Direction ſhould go thro? a, off from the 
Rope: but by moving the Pole towards B, 
the common Center of Gravity of the Man 
and Pole is brought to C, in which Caſe the 
Line of Direction C D goes thro' the Rope. 
Thoſe who are well ſkill'd in this Art will 
ſometimes uſe their Arms only, inſtead of a 
Pole; and it is very common for ſeveral of 
them to dance with a Flag, with which they 
ſtrike the Air the ſame Way that the Center 
of Gravity goes when the Line of Direction 
does not go thro the Rope; and, by the 
Re- action of the Air, the Center of Gravity is 
brought back to its proper Place. ; 

Thoſe who would enquire farther into this 
Matter, may conſult J. A. Borelli, in his Book 
De Motu Animalium, Chap. 18, 19, 20. and 
21. In the ſaid 21ff Chapter he geves an Uo 


count of the Motion of an Horſe, part of avhich 


Cas it is very curious) 1 ſhall repeat here. 
The Ancients, obſerving that Horſes and 


other Quadrupeds, in Galloping, lift up their 


two fore Feet, and then their hind 9 0 
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reftion going thro the Poĩnts A, B, C, D, E. deſeribes a ſtraight Line in Anhotat, 
Zig. 11, where the Feet are ſet before ione another; but chen the Motion Left. II. 
of one Foot is in a parallel Line with the Motion of the other, an in 
vented Line is deſcrib'd by the Center of Gravity above, and rhe Line 3 8. | 
of Direction as it cuts the Ground at A, B, C, D, I, Fg. 12. Ducks, 1 


and 12. 


Geeſe, and the greateſt Part of the Water-Fowl, whoſe Legs are ſet wide 
aſunder for the Conveniency of their ſwimming,” and turning quick in the 
Water, have always a waddling Motion upon Land; but a Cock: a Stork, 


an Oſtridge, and moſt other Birds that are not web footed, walk almoſt 


directly forward, without waddling (eſpecially when they walk flow) having 
their Legs ſo plac'd as to put one Foot before the other with greater Eaſe. 
i hus Quadrupeds ſeldom or never waddle, becauſe they have commonly 
three Feet upon the Ground at a Time: So that however the Baſe receiving 
the Line of Pirection alters from a quadrangular to a triangular Figure: 
that Part of it, in which the Line of Ditection falls, is always in or near 
the ſame Line. | | HTS 


When a Man ſtands in a firm Poſture *, AB, the Diſtance of his Feet, * Plate 9. 
is the Length of a quadrilateral Figure, whoſe Breadth is nearly the Length Fig. 7. 


of the Feet, and D is the Point under the Center of Gravity C, where the 
Line of Direction falls. Let the Lines AC and BC be drawn, then let 
thoſe two Lines and D C be continued to the Points E F G, ſo as to make 
the Triangles ECG and A C B equal and ſimilar. As long as the Line 
FD (or a Plane going thro” it) cuts the whole Body of the Man into two 

„ Wee s equal 


ſoon as the fore Feet are ſet down, did imagine, gure, which will make the Station or Standing 
that in Walking, as well as Pacing and {rot-. of the Horle the moſt firm. The progreſſive 
ting, an Horſe has two Feet off of the Ground * Motion hegins by one of the hind Feet, as 
at one Time; and accordingly in their Braſs or for Example, the left hind Foot C, which by 
Marble Statues, they have repreſented their * ftrongly preſſing back the Ground moves for- 
Horſes with two Legs off of the Ground dia- * ward the Center of Gravity, and conſequently 
praaly oppoſite, as the right before and the left carries on the I ine of Direction from E to G, 
ehind, or left before 1 right behind. The as itſelf moves from Cto F. This done, 
modern Statuaries have alſo fallen into the ſame © © immediately the Foot B is rais'd, and carried 
Error, becauſe in the quick walking of anHorſe  * forward as far as H, which Motion of the 
the Eye cannot well Mangel and therefore * Foot is eaſy, becauſe tha Line of Direction 
he has ſhewn from Mechanical Principles, that * fiſt falls within the Triangle AB D; ſecondiy, 
the Motion of raifing two Feet at once in within the Trapezium ABF P; that is, 
Walking cannot be conſiſtent with the Wiſdom © the Body of the Horſe is ſuſtain'd by three or 
and 1 of Nature. To Borelli there- by four Columns. Laſtly, the three Feet A, D, F, 
fore I refer the Reader, who wou'd know what remaining firm, and taking in the Line of 
the Motion is not, and only copy from him, Direction at G, immediately the left fore Foot 
here, what the Motion is. - ; © B is carried forward to H; and, bythe Im- 
* Plate 8. Let us conſider an Horſe * as * pulſe already made, the Center of Gravity is 
Fig. 14. * an oblong Machine ſuſtain'd by ,* alſo carried over I, namely the central Point 
dhe four Legs, as four Props or of the Rhomb AHF D. The Motion of 


Columns, reſting on the Points the two left Feet being compleated, the Im- 


AB CD, which make a rectangular quadri- *« pulſe and Motion of the right hind Foot B 

* lateral Figure ; then the Line of Direction — and then that of the right fore Foot; 

will fall per 8 on E, a Point in ® and ſo on in the Manner above deicrib'd, as 
ah 75 
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A” 
equal Parts, the Center of Gravity will be at C, and C D will be the Line 
of Direction. But if the Body be inclin'd towards the left Hand H, the 
Center of Gravity will move from C to N, the Line of Direction will be. 
come H B, and the right Foot being eaſily remov'd.from A, may be car. 


tried on beyond B, by which means the Man will go on towards the left. 


Plate 8. 
Fig. 8. 


In the like Manner by inclining towards l, the Line of Direction will be re- 
moved to I A, and the Man go to the right. When a Man ſtands upon 
one Foot, it is with ſome Difficulty. For Example, let the Line of Di- 
rection be CD; by the Motion of the Blood, Hand Lungs, and other ani. 


mal Motions, the Center of Gravity will be apt to vacillate or totter to- 


wards F or G on either Side about the Center of Motion D, where now 


the Baſe is but ſmall. If the Line of Direction comes to B, the Man muſt 


fall forwards, backwards if to E; and tho' A be under the Heel of the 
Foor, yet in the Motion of the ſaid Line of Direction from D to A, the 


Body will be apt to go too far towards E, and fo bring the Line of Di- 


rection beyond the Baſe. This will more probably happen in the ſide Mo- 
tion of the Body; ſo that the Body will be in Danger of falling, unleſs 


the right Foot be put down towards that Side where the Body inclines. 


* 28, 43. 


plate 9. 
Fig. 1. 


Plate 9. 


C 


\\ 


Birds ſtand upon one Foot much more eaſily than Men, becauſe their 


Line of Direction being much ſhorter, and the Baſe of one Foot a large 


Rhomboidical Figure made by the four Claws, the Line of Direction cannot 
go out of that Baſe, unleſs the Center of Gravity riſes, which is impoſ- 
ſible without a violent Motion n. 1 5 

When a Porter carries a Burthen upon his Shoulders, he muſt ſtoop, 
becauſe if he ſhould ſtand upright, the common Center of Gravity of the 
Man and Burthen would be fo far brought back, that the Line of Direction 
would fall behind the Feet. For the ſame Reaſon, when a Woman with 
Child is very near her Time, ſhe bends backwards as ſhe goes, by reaſon of 
the Burthen before, which otherwiſe would cauſe her to fall forwards. 

15. [49. Roll along the Plane.) If the Ball“ FE be laid upon a 
ſmooth horizontal Plane A B, it will Rand till, tho? it touches but in one 
Point as O, becauſe the Line of Direction O goes thro? the ſaid Point; 
but if the Plane be ever ſo little inclin'd to the Horizon, as in the Poſition 
C D, the Ball will continually roll forward towards D, becauſe then the 
Line of Direction will always fall before the touching Point. | 

If ſuch a ſolid Body as G, contain'd under twelve rectangular Parallelo- 
grams, and two oppoſite, parallel and equal Dodecagons, be laid upon the 
inclin'd Plane BAC, as it will ſlide from A to C, the Center of Gravity | 
moving in the Line eg parallel to the Plane A C, and i o one of the para 
lelogram Planes of the Body always touching the ſaid Plane A C But if the 
Plane be more inclin'd, as in the Poſition DE, it will appear, by drawing 
the Arc ef with the Diſtance 7 e about the Point i (the only touching Place 
of the Body then) that the Center of Gravity can deſcend ; and when the 
Point 0 is applied to the Plane DE, the Line of Direction will fall eas | 
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the ſaid Point o towards E; and therefore the Body will roll or tumble to- Annotat. 
wards E. In the ſame manner all the angular Points, or rather the Edges Lect. II. 
of the plain Surfaces, will ſucceſſively apply themſelves to the Plane DE 


till the Body has roll'd quite down. 


16. [49.—— In the Load of Tron the Center of Gravity is low ; but very 
biob in the Load of Hay. ] 


G 


riage PM, whoſe Line of Direction is K E, whilſt the Plane PM. 
which the Carriage is drawn) is horizontal; but if CD be a horizontal Line, 
the Plane PM will be inclin'd to the Horizon in the Angle PB D, and the 


Line of Direction being chang'd from K E to K P (becauſe K P is the only 


perpendicular from K to CD) will fall out of the Baſe Q M towards C, and 


conſequently the Waggon will be thrown over that Way; which alſo appears 
by drawing round the touching Point Q with the Diſtance Q K, the Are K R, 
ſhewing the Way of the Center of Gravity, which can in this Caſe deſcend 
without firſt riſing. For the ſame Reaſon, if the Carriage was drawn along 


an horizontal Plane, whoſe Section is repreſented by C D or PN, and the 
Wheel M ſhould meet with a Rub of the Height of NM, the Load of 


Hay would alſo be overthrown upon that account, 


But as a Load of Iron * lies much lower upon its Carriage, the Center * Plate 9. 
of Gravity muſt alſo be lower, and therefore the Line of Direction will Fig 5. 


fall within the Baſe on the ſame Inclination of the ſupporting Plane, as 
would occaſion it to fall out of the Baſe in a Load of Hay, as is evident 
from the Figure. Let CD alſo here repreſent an horizontal Line, and 
AM the Road or the Baſe ſupporting the Carriage, the Angle of Inclina- 
tion MN in this Figure being equal to MN in Hg. 4. The Line 
of Direction K P will here fall within the Baſe QM, and cannot fall out 
of it till the Angle of Inclination is increas'd to BV, by making X Y 


the horizontal Line; or, which is the ſame thing, unleſs the Wheel M 


meets with a Rub of the Height of y M much higher than the Rub which 
would overturn the Load of Hay. 


K * is the common Center of Gravity of the Load of Hay, and the Car- plate 9. 
on Fig. 4. 
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e CoD Un ReE IH. 


1. S Imple Machines or Organs, call'd by ſome Mechanical 
Faculties, or Mechanical Powers *, are ſuch Inſtruments | 
as are of one Piece (or conſidered as ſuch) by means of 


which the + Powers deſcribed in the laſt Lecture act upon 
Weights, in order to give or ſtop Motion; to overcome, make, 
or ſtop Reliſtance. © 3 
2. All Engines (however compounded) for the Uſes of Life, 
are made up of various Combinations of the ſimple Machines. 
Sometimes all of them may be found in one Engine; ſome- 
times two or three of them; and ſometimes only one of the 
Mechanical Powers multiplied. 1 


3. The Simple Machines are the ſeven following; vig. the 
Balance, the Leaver, the Pulley, the Axis in Peritrocbis (or 
Axle in the Wheet) the Iuclined Plane, the Wedge, and the 
Screw. N. B. Authors differ in their Enumeration of the Me- 
chanical Powers, ſome making them to be Six, excluding the In- 
clined Plane from thoſe which I have named. Others have re- 
duced them to Five, conſidering that the Screw is only a Wedge 
enrried round a Cylinder: And others again have made the Lea- 


ver and Balance to be the ſame Power, from their near Reſem. 


blance. But fince the ſame Principle is only applied different- 
ly (as may be ſhewn by reducing all the Mechanical Powers 19 


the Leaver, or explaining all their Operations by that of the Lea- 


ver *) and we are to give an Account of the Inſtruments con- 
trived for that different Application, the Mechanical Powers wil 
appear to be Seven. . | 

4. Before we explain theſe Powers or Organs ſeverally, there 
are forme general Things to be conſidered relating to all En- 
gines, Which will facilitate our Calculations concerning them, 
and render the Execution of them in Practice, as perfect as the 


Nature of the Materials of which they are made will allow. 
2 . . 
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Led. III. 
SUP * 0'S7 T10 N*S. —— 


Tuouon the Earth be ſpherical, yet we are to ſuppoſe it 1 
flat, when we conſider Mechanical Engines; becauſe che largeſt | 
Machine covers ſo ſmall a Part of the Earth's Surface, that to 
allow it any ſenſible Roundneſs in fo mall a Compal, would 
be to allow too much. 


6. 'Twoven none of the bodice which" d are perfectly 
hard, or truly of the Figure which we intend to give them, 
yet we are to ſuppoſe every thing perfect in all our Engines; 

as for Example, that ſtraight Bodies, as the Beam of a Balance, 

a Leaver, Cc. are Mathematical Rigids, and without Thickneſs 
or Lines altogether inflexible; that the Mechanical Powers 
(whether Simple or in Compoſition 1n complex Engines) are 
without Weight, whatever Materials they are made of; that 
Bodies are perfectly hard and ſmooth; that the Parts of En- 
gines move one another without Friction; that Cords are ex- 
tremely pliable; that the Center-pins of Pullies, or Axes of 
Motion of them, of Balances, Leavers, Axes in Perttrochio, Ce. 
are only Mathematical Lines. 


5 ns 
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. Tuoven * the 108 of Direction of all heavy Bodies tend ® L. 2. 22: 
towards the Center of the Earth, and conſequently converge 
together in a ſmall Angle; yet we muſt. conſider them as pa- 
rallel, becauſe they are ſo, as to Senſe; their Point of Conver- 
gence being near 4000 Miles off. For this Reaſon the Walls of 
a Building, when exactly adapted to the Plumb Rule, are nearer 
at Bottom, than at T op; though in Practice we muſt always look. 
upon them as parallel. „ 
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8, NoTWITHSTANDIde the Falſity of the Suppoßiche e ve 
ſhall not be led into any Error by them; becauſe, by a ſecond Con- 
hderation,, we are to have regard to the Imperfection of En- 
gines and Materials, and the Quantity of Stichage or Friction; 
which differ according to the Number and Combination of 
Parts and Nature of the Materials, of which the ſeveral 
Engines conſiſt: And having made © uſe of the beſt Me 
thods we can to diſcover the Imperfections abovementioned, 
in each particular Machine; we are to take care to allow 

enough 
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KY an Engine ſuppoſed Mathematically true. 


15 and L. 4. 


L. 2. 12. they are ſaid to be 21 AEquilibrio * 
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103 III. enough to be deducted from the Calculation made concerning 


N. B. Several Methods of finding the Quantity of Friction in 
Ann. 3, En 18 201 be conſidered bereafter . 


DEFINITIONS. 


. Warn equal or unequal Quantities of Matter are ſo ap- 
plied to a Mechanical Organ, or Engine, that their Moments, 
or Quantities of Motion, or moving Forces, deſtroy one another ; 


10. Wurx Powers, whoſe Intenſities are equal or unequal, 


| are fo applied to an Engine as to deſtroy each other's Actions, 
. 2. 12. they) are alſo ſaid to be in Æguilibrio *. 


11. ALL Bodies that a& againſt each other by means of En- 


ines, may be conſidered as Powers and Werghts, already de- 
ſcribed in Leck. 2. Numb. 18, 19. 


12. 3 in gquilibrio are ſaid to equiponderate. 


| Wurd Powers and Weights have their Velocities reci- 
* L. 2. 20. „ as their Maſſes, or as their Intenſities *, their Moments 
„ 9 therefore they are in Ægquilibrio . 


14. Ir the Momentum of a Power be greater than that of the 
Weight, or, (on the contrary) the Momentum of the Weight be 
greater; that Power or Weight is ſaid to abt or over- 
power. 


Wurz either the Falocity the Maſs being equal) or the 
Maſt or Inten/ity of a Weight or Power (the Velocity being c- 
qual) or Seth Maſs and Velocity together are greater in a Power 
or Weight than in the oppoſite (or counter-acting) Weight or 
Power ; the Momentum of the former will be renter than that 

L. 2.15. of the latter *. 

5a N. B. This will, happen, let the Difference be ever 5 ſmall; 
though then the Reſiſtance made by the Friction will binder the Ef- 


Freut rom * vßhible. of 
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Of te BALANCE. — 


16. Tux eſſential Parts of a Balance are (I.) the Beam, as 
= AB#*; (2.) the Axis of Motion, conſidered only as a Point or * Plate 9. 
Center of Motion C, which divides the Beam into two Parts; 8 © 7 
| (3.) thoſe Parts called the Arms or Brachia, as AC and CB, 
which are either equal, as in Fig. 6, or unequal, as in Fig. 7. 
(4.) the Points of Suſpenſion, as“ A, B, in the 6th, and A, late 9. 
B, K, x, in the 7th Figure. 5 Rn ig. 6, 7. 
17. Wuen Weights hang freely from the Points of Suſpen- 
ſion, they gravitate neither more nor leſs for hanging nearer 
to or farther from the ſaid Points, | | 


EXPERIMENT $. FE 9. Fig. 6. 


18. LeT the Weight Q, with its Rope QA hanging at the 
End A of the Balance AB, be equal to the Weight P, toge- 
ther with its Rope DB. Hang the Weight P at any of the 
Loops G, F, E, D, of its Rope, and it will at any of them make 
an Ægquilibrium with the oppoſite and equidiſtant Weight Q. 


19. WHEN the Beam of the Balance is equally divided by the 
Center of Motion (as in the 6th Figure) with Scales hanging 
freely from the Points A, B, inſtead of the Weights Q and P, 
it is the Libra, or common Pair of Scales. | 

20, Tuis Inftrument ſerves to compare together Bodies which 
have equal Quantities of Matter, though ſometimes differing in 

Bulk; for when the Commodities to be bought or fold are * 

placed in one Scale, ſo as to keep the Weights in the oppoſite 

Scale in Æmguilibrio, the Momenta are equal; and fince the Ve- 

locities are equal on account of the equal Diſtances A C and 
Cb“, the Quantities of Matter muſt be likewiſe equal: and this“ 12. 

is ſhewn by the horizontal Poſition of the Beam hanging freely 

on 1ts Center of Motion, which is placed a little above its Center 

of Gravity, See the 4th Annotation, PE Ann. 4. 

Hence follows, that the Diſtance (that is, the acting Di- : 
ſtance) of any Weight is not to be meaſured from the Center 

of Motion of the Balance to the Center of Gravity of the 

| Weight; 
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Lect. III. Weight; and therefore the Lines Cn, C n, do not expreſs the 
wy — Diſtances of the Weights P and Q; but their Diſtances are 

properly CB and CA, the leaſt Diſtance from their Lines of Di- 
rection Nn and Mn to the Center of Motion C: And therefore 
when the Weights hang freely upon an Horizontal Balance, 
the Diſtance of their Points of Suſpenſion from C may be called 
their Diſtance, and meaſured upon the Beam. But if the Ba- 
lance be in an inclined Poſition as @ 6, not & C and a C, but 40 
and e C will be the Diſtances of the Weights p and , being 
Lines perpendicular to their Lines of. Direction p o, 9 a, and 
going through the Center of Motion, conſequently the leaſt Di. 
ſtances from it to the ſaid Lines of Direction. — SIR ́l y 


*Pl.g. Tig, 21, Tur Balance, whoſe Brachia are unequal “, as A B (Fig. 
7. 7.) is the Roman Statera, or our Steel-yard; or the little In- 
ſtrument which the Chineſe (who take all their Money. by 
Weight) always carry about them, called the Dozchins. See Num, 
13: of Lee. 2. Plate 4. Fig. 3. This Inſtrument ſerves to com- 
pare. together, at one Operation, Bodies that have equal or un- 
equal Quantities of Matter; but in weighing heavy Goods, it is 
© not ſo exact as the Scales. | DS 
l. 9. Fig. Tue * Balance of Fig. 8. may ſerve as a Steel-yard or as 
BY a Pair of Scales, on account of the ſeveral Diviſions on each 
Brachium. F210 | . 


THEOREM. 


22, One or more Weights ſuſpended on one Brchium of a Ba- 
lance, will be in Mquilibrio wirh one or more Weights ſuſpend- 
ed on the other Brachium; provided that the Sum of the Mo- 

* menta (or | the wobole Quantity of Motion) of the Weights on 
one Side of the Center of Motion, be equal to the Momenta on 
the other Side of it. 3 7 | eB 


EXPERIMENT II. Pl. 9. Hg. 8. 


23. Uron the Brachium A C hang three fingle Pounds at 
the Diviſion 8, a fix Pound Weight at Number 5, a three 
Pound Weight at Number 1, and a nine Pound Weight at Num- 
ber 3. Then on the Brachium CB, hang a two Pound ey et 
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at 2, a twelve Ponnd Weight at 5, and a two Pound Weight at Lect. III. 5 
10. Then the Balance will hang in Ff Girpmnd 


. . 
N x N 
ln, 
N 


24. SINCE the Velocity of Weights hanging to a Balance de- 
pend upon their Diſtances from the Center of Motion, each 
Weight being multiplied by its Diſtance from that Center will 
give its Momentum: Therefore 8 * 3 (=24) + 5x6 (= 30) 
„ (=3) + 3x9 (= 27) make up the Sum of 84 for 
the Momentum. or Walt of Motion on the Brachium A C: 
And 2 & 2 ( 4) +.5 X 12 (=6bo) + 10 * 2 (= 20) make 

the like Sum 84 for the Momentum on the Brachium CB: And 
conſequently theſe equal Mamenta acting in contrary Directions 
muſt produce an Æquilibrium *, If all the Weights on the Bra- 9. 
chium A C were reduced into one, vis. a twenty one Pound 
Weight hanging at the 4th Diviſion, it would keep in Æquilibrio 

a Weight equal to all the Weights on the Brachium C B hang- 
ing at a quarter of a Divifion beyond the 5th, becauſe 4 * 21 

| = 5; x 16 884, as has been ſhewn in the ſecond Lecture “. L. 2. 13. 


PNOS EE N 


25. Equal or unequal Weights being ſuſpended at the Ends of 
a Balance of known Length and Weight: How to find the fixed 
Point or Center of Motion about which the faid Weights will 
ze in Aquilibrio. ” i ri „ INES 


EXPERIMENT III. Pl. o Pp 


AB is a Balance weighing four Ounces, and of 12 Inches 
in Length, at whoſe Ends A and B are ſuſpended Weights of four 
and eight Ounces. Find out the common Center of Gravity of 
tne ſaid Weights “, which will be directly under the Point K at L. 2. 39. 
Numb 4. et K be made the Center of Motion, and then EE. 
the Center of Gravity being at its loweſt Place &, the Problem + L. 2. 26. 
will be. ſolved, if the Balance A B has. no Gravity, But as the 
Palance weighs four Ounces, the Brachium A K will over-weigh 
the Brachium K B, and ſo deſtroy, the Æquilibrium. Now a 
[cond Operation like the former, will perfectly ſolve the 
Problem, after. the following Preparation. Suſpend the Weight 
E equal to the two former Weights or 12 Ounces at the Hook 
under K, at the common Center of Gravity of the two Weights; 

Vo I. I. ; 5 (©) hich 


Leck. III. which reducing their Weights into the Center of Gravity, they 
1. 2. 34. 


5 


5 


1 


LO . ; 5 ? * : 
2 . 
by 


ON, 


6 the Center 
'vity, becauſe the Balance is regular and homogeneous. Then 
| ſhall we have the ſhort Balance 6 4 or * K without Weight, 
and the Point C or true Center of Motion will be found by WE 
this Analogy, E D (16 Ounces): D (4):: * K (or a Length of 


over the Center of Gravity of the Balance and all the Weights; and 


mends for the unequal Weight of the Brachia of the Balance. 


Weight ll be in Equilibrio. 


of four Pounds hung at C the Center of Gravity of the Balance, 
which is at its middle Diviſion 6: then we ſhall have a new Ba- 
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1 
* . 
8 * 


will act as before“. Reduce alſo the Weight of the Balance in. 
to its Center of Gravity, by hanging the Weight D of four 
Ounces (or _ to the Weight of the Balance) at & under 

of Magnitude, which is alſo the Center of Gra. 


two Inches): K C (or half an Inch) This Point will be diredty 


taking away the Weights D and E, the Aqguilibrium will remain; 
the Alteration of the Center of Motion from K to C making A- 


PROBLE M. 


26. A given Weight hanging at one of the Endr of a Balance f 
known Weight, to find the fixed Point about which the Balance and 


EXPER IMENT IV. Pl. g. Fig. 9. 


Havino ſuſpended the given Weight D equal to four Pounds 
(for Example) at the End A of the Balance A B, which weighs ali 
four Pounds; fince the Weight of the Balance is conſidered in 
this Operation, we muſt ſuppoſe the whole Weight of the Ba- 
lance reduced into its Center of Gravity * as if the Weight E 


lance (viz. A C) without Weight, at whoſe Ends hang the Weights 
D, and E, whoſe fixed Point will (by the laſt Prop.) be found à 
33 or more generally by this Analogy: 8 

As DL. E (or the Weight of the Body and the Weight of tht 


Balance): | 


Is to E (the Weight of the Balance): : . 

So is. CA (half the Length. of the Balance): 1 

To A 3 (the Diſtance of the fixed Point from. the gen 
heavy Body.) 


E, ſhall hang at the longeſt End of the Beam, and they will 


of B C to AC *. . 
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27. To make a deceitful Balabce or Pair of Scales, whoſe Beam 
will hang in Æquilibrio without the Scales, or with the empty Scales; 


and yet ſhall alſo be in Aquilibrio when unequal Weights are placed 


in the Scales; ſo as to cheat in any Proportion intended in making 
the Balance at firſt. 5 NT; _ 55 | - 

Tuis Problem is ſolved by making a Statera or Steel-yard. with 
the Appearance of a common Beam, as in the following 


_ExyERIMENT V. Pi. 9. Fig. 10. 


To the Beam AB (23 Inches long, whoſe Brachium CB, of 

11 Inches in Length, keeps in Aguilibriv about the Point C, 

the Brachium C A, of 12 Inches in Length, by being made 

ſo much thicker, or having ſo much more Matter, as may 

make Amends for its being ſhorter) ſuſpend the Scales D, E, in 

ſuch Manner that D, which weighs one Part in twelve leſs than 

keep each other in Æquilibrio x. Then placing 12 Pound Weight * g. 13. 

at G in the Scale E, it will keep in Ægquilibrio no more than 11 

Pounds of F, the Commodity to be ſold if plac'd in the Scale 

D; becauſe then F will be to G, in a reciprocal Proportion 
75 3 9. 13. 

Tuo' ſuch a Balance may be ſo nicely made as to deceive the 

Eye; the Cheat is immediately diſcovered by changing the 

Weights, and the Commodity F, from one Scale to another; for 


then the Owner of the Balance muſt either confeſs the Fraud, 


or add to the Commodity he ſells, not only what was wanting, 
but alſo as much as he intended to cheat him of, and a Fraction 


of that added Weight proportional to the Inequality of the 


Brachia of the Balance. That is, in this Caſe, the Buyer inſtead 
of 11 Pounds offered him for 12 his Due, will have (by chang- 


ing the Scales 13 +5 Pounds, For whereas in the firſt Poſition 


of the Balance F (11) X A C (12 was equal to G (12) x BC 
(11), when G or 12 Pounds is placed in the Scale D, then 12 
* 12 will be equal to no leſs than CB (11) * 13 Tr G; or, 


Oo $5. ; As 


4 


Is x. „ | 5 | 55 
100 A Conrſe of Experimental Philoſophy. 
Led; III. As the Bracbhium CB, 11 Inches long: — © 
. Is to the Brachium C A, 12 Inches long: 
| So will be F, or the Weight 12, placed in the Scale D: 

„ ToG==13-;, or the Weight of the Commodity keep. 
1333 ing the Weights n Æquilibrio. e 4 


' An therefore as this Analogy gives a reciprocal Proportion 
between the Weights and their Velocities, the Momenta will be 


equal, which with contrary Directions deſtroy one another, 
N. B. In all theſe Caſes we ſuppoſe the Weight to hang freely 
from thoſe Ends of the Balance to which they are faſtened, See the 
Ann. 3. other Caſes in the Notes *. e 


Of the L E AV E R. 


28. Tus Leaver (a known Inſtrument commonly called a Hand- 


pile, when of Wood, and a Crow, when of Iron) is, in The- 
ory, to be looked upon as an inflexible Line like the Beam of a 
Balance, and ſubje& to the ſame Proportions, only that the Power 
applied to it is commonly an animate Power; and from the dif- 
. ferent ways of applying it, it is called a Leaver of the jr}, of 
the Jecond, or of the third Kind. OC Tn 


ExPERIMENT VI. PI. 9. Fig. 11. 


29. LET the Steel-yard P W be taken off its Hook K, and 
let its Center of Gravity C be placed upon a Fulcrum or tri- 
angular Priſm D E; and inſtead of the Weight 1 hanging at P to 
keep in /Equilibrio the Weight W of 4 Pounds, let an animate 
Power, as the Hand, be applied at P: The Statera or Steel-yard 
will then be turned into a Leaver of the fir ſt Kind, ſo called be- 


cauſe the Fulcrum or fixed Point is between the Ends as at C, in 


which Caſe the Power may be four times leſs in Intenſity than 
the Weight; but equal to it, if Cor the Fulcrum was removed to 
M (the middle Point of PW) and four times greater, if C was 
removed to 3. N. B. Iz all theſe Caſes the Leaver is flill ſaid 
Ann. 6. 70 be of the firſt Kind x. ; _ | 5 


30. Wren the Fulcrum is at one End, the Power at the other, 
and the Weight between them, the Lzaver is of the /econd 


* Plate 9. . * 
Fig. 14, Kind *, 
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Ir. Bur itis of the third Kind, when the fixed Point is at one Let. III. 
End, the Weight at the other, and the Power between them “. N. 
N. B. The Power and Weight are always ſuppoſed to att at right ate Q. 
hen 


Angles with the Leaver, except it be otherwiſe expreſſed; for t 
| the Caſes will vary, as may be ſeen in the Notes | upon the Balance, + Ann. 5. | 

which are equally applicable to the Leaufer. | 

Tux Proportions, which the Powers and Weights bear recipro- 

cally to their Diſtances, are ſet down at the 11th, 12th and 19th 


= Figures, 


Fig. 13. 
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Exr x E NT VII. Pl 9. Fig. 14. 


2. PLace the three Leavers, A, B, D, in ſuch Manner upon 
the Fulcra F, E, E, chat A may have the Proportion of its Bra- 
chia as 5 to 1, Bas 4 to 1, and D as 6 to 1; and let theſe Lea- 
vers act upon each other: then making uſe of a Power equal 
to one Pound at the End M of the Leaver D, it will keep 
in Aquilibrio W, or 120 Pounds at the End 1 of the Ley- 
ver A. | | | | | — 

In this compound Leaver, the Proportion or Ratio of the 
Weight W to the Power M is pg Mag of the ſeveral Ra- 
tios of the long Brachium of each Leaver to its ſhort oue; for 
5X 4X 120. And accordingly you will find by meaſuri 
the Aſcent and Deſcent of the Ends of the firſt and laſt. Leaver, 

that whilſt the Weight W deſcends e of an Inch, the Power. or 


little Weight M will aſcend. . or 12 Inches; the Force to be 1 
gained by ſuch a compound Leaver being ſhewn by the re- i 
ciprocal Proportion between the Maſſes and, Velocities of W ö 
and M. : | n 


Wurx two Powers applied to the Ends. of a Leaver, ſupport a 
Weight reſting upon a Leaver, they are to one another. recipro- 
cally as their Diſtances from the Weight, The Proportion is 
marked in the Figure *. FR bk . * Plate g. 
| | | Fig. 15. 
Ex PBRIM ENT VIII. PI. 9. Hg 16. 


33. Ix the Frame A B C D hang the Leaver E F at the Points 
h K, loaded with the Weight 7 at C; and the Weights whoſe 
Ropes go over the Pullies G H, being to one another recipro- 
cally as the Diſtances IC, and C K, will keep in Æquilibrio the 


ſeven 


* 


r 
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Lect. III. feven Pound Weight. N. B. The Weight of the Leaver is not con- 
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RS fdered bere; for unleſs the whole Brachia E C and C F be to one. © 
another as 3 to 4, the Center of Gravity (or Point C) muſt be re. 
moved a little farther towards I, as was ſaid before concerning the 


® 25, 


\ 3 


Balance F. © : | : | 
Ir is upon this Principle that Horſes of unequal Strength may 
draw equally in a Coach : For if the Spring-tree Bar be unequally 


divided, that Horſe muſt employ more Strength which is applied 


to the ſhort End of the ſaid Bar. Two Men alſo who carry a Bar- 
rel hanging from a Staff are unequally preſſed upon their Shoul- 
ders, if the Barrel does not hang in the Middle, the Man carrying 


moſt who is the neareſt. This is farther illuſtrated by 


EXPERIMENT IX. PI. 6. Fig. 17. 
1 ur Foot F ſupports an horizontal Board A B, on which 


; muſt be laid the Leaver 1, 2, divided in the hs rar” of 2 to 1, 
(ſuppoſing it a Spring- tree Bar;) then placing 


e Pulley 7 over- 
againſt 2, and the Pulley over-againſt 1, let the Weights O (1) 


and M (2 Ih) hang by Strings over the faid Pullies, and they wil! 
keep in Æquilibrio the Weight N = 3 Ib, drawing the Leaver in a 
- contrary Direction over the Pulley o againſt C. N. B. The Pullies 


fide in a Groove in the Edge of the Board, and remain in any Place 
where they are ſet. i 


EXPERIMENT X. Pl. 9. Fig. 18. 


35. Ir there be a Leaver whoſe Brachia make an Angle, 
as is repreſented in the Figure, with its fixed Point at the An- 
gle as C; the Weight W, prefling perpendicularly upon the 
End W, will be kept in æguilibrio by a Weight of one Pound 
drawing the other End o 
means of a Pulley over which the Line of Direction of the 
Power is carried) by two Pounds at p, and three Pounds at ”. 
It is in this manner that a Hammer is made uſe of to draw 
a Nail. Some call this a Leaver of the fourth Kind; but it 


evidently a Leaver of the firſt Kind, becauſe the Weight Ws | 
at one End, the Power P at the other, and the Center of Mo- 
tion C between: And if the Arm C W be ſet ſtraight in 2 
Line with PC, fo as to bring W to w, and c be made tie 


the Leaver P perpendicularly (b) 


f y op 


mY a 
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| Fulcrum, the Iaſtrument will plainly appear. to be a Leaver of Leck. III. 


Of the PULLEY. 


n 1 
KATO 1 


Ann. 7. 


36. WHEN a little Wheel, commonly a Sheeve or Sheever, is fo 
dxed in a Box or Block as to be moveable round a Center-Pin 
paſſing through it, ſuch an Inſtrument is called a Pulley *: And 3 
ſometimes, though improperly, a Box or Block with ſeveral See- 
vers in it is alſo called a Pulley, as in the ſecond Figure +. The 1 Pl. 10. 
firſt of theſe is by Workmen called a Snatch-block. OS 
A Rope going round one or more Pullies to raiſe a Weight, 
is called the Running-rope. Lp 
WHEN a Block with its Sheevers is ſo fixed, that whilſt it re- 
mains immoveable, another Block and Sheevers riſes with the 
Weight hanging at it, ſuch a Machine is called a Pair of Blocks. 
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37. Ax upper or fixed Pulley adds no Force. to the Power, 
but only prevents the Friction by making the Rope run eaſily; 
and fo much the more as the Sheever is bigger than. the Center- | 
Pin about which it turns *. | Ann. 83 


 ExPpERIMENT XI, Plate 10. Fig. 3. 


Haix faſtened to the Ends of a pliable Rope the Weights r 

and 3, the 1ſt of one, and the other of three Pounds, if the 

Rope be thrown. over the ſquare but ſmooth. Beam A B, the 
Friction of the. Rope on the Beam will be. ſo great as to hin- 

der the three Pound Weight from raiſing the one Pound, though 

its Momentum (without that Hindrance): is three times greater, 
becauſe its Velocity is the ſame and its Matter triple“. But L. 2, 3. 
if only one Pound be faſtened at the End of the ſaid Rope, and the | 
_ thrown over the Pulley E D, the fingle Pounds will keep 

each other ſo. exactly in Æguilibrio; that the leaſt Weight added 

to either of them will make it over-power. That theſe Weights 

ought to be in Æguilibrio, appears from a Sight of the Figure, 

fince the Weight on the right Hand cannot deſcend to d without 
cauſing the Weight on the left to aſcend up to E preciſely with 

the ſame Velocity, 1 d being equal to 1 E. N. B. This Pulley is. 

alſo called a Roller. i 
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Lect. III. 38. A lowet Pulley, that is; ſuch 2 one as is moveable with the 
—— Weight, takes off half the Weight; fo that a Power of half ity 
Igntenſity will ſuſtain it. | | 
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ExrERIMENT XII. Pl. 10. Fig. 4. 


l 


—_—= \ 


To an Hook coming from the Center of the Pulley ge hang 
a Weight of 2 5; then having made faſt the running Rope to 
the Hook F of the Arm A, bring it under the ſaid Pulley g 
and over the Pulley 4, and 1 Iþ at the End of the Rope will 
ſuſtain the 2 Ib hanging from c the Center of the Pul- 
Laar the Power pulling down at 1 acts in the ſame Man- 
ner as if it pulled upwards at 4, is evident, becauſe "we have 
* 37, already ſhewn *, that an upper Pulley neither increafes nor di- 
miniſhes the Action of the Power. 8 e 
W may at one View ſee in Pullies how the Force of a Weight 
is diminiſhed, by conſidering how many Ropes (or Parts of the 
Rope) are employed to raiſe it, and which divide the Weight 
as they are applied to the lower Pullies to which the Weight 
hangs, whilſt the Power only draws by one Rope. For Ex- 
ample, in this Caſe the Ropes / e and d g ſuſtain the Weight; but 
Ve is ſupported by the Hook 7, whilft the Power only draws up 
the Rope dg. 


— ̃ ——— 823 


39. FRO this we may deduce this general Rule to know the 

Advantage to be gained by a Pair of Blocks, let their Number of 
Pullies or Sheevers be what it will, (viz) As One is to the 
Number of the Ropes (or of the Parts of the Rope) applied to the 


lower Pullies, fo is the Power to the Weight. 
* Plate 10. Tus it is evident, only by a Sight of the Figures “, that one 
. 6, Pound will ſuſtain 4 Pounds, as in Fig. 5. Six Pounds as in Fig. 6. 
Five Pounds, as in Fig. 7. and ſix Pounds, as in Hg. 8. 
N. B The Pullies and their Ropes repreſented by the 5th, 7th and 
8th Figures, are called Tackles of Four, Tackles ' of Five, and 
Tackles of Six. ED get Ve JO AP 


40. Tue Machine repreſented in Fig. 6, is the moſt incon- 
venient for raiſing the Weight 6; but the moſt convenient for 
bringing together the Ends of two Beams, without _ Fi 
” TT | "IF 


\ } 


TY 2 
r 


—S TR 
a 


U 


"mg 


1 
a 
is 


ifi; 


OOO 


La 


— — 


1 


ſ MH HM 106 


j! 


FT re mth 


A inn 


= ni 


: 
ot } 


— 
—— — 


A ali Den une i Inj lt 


Ani | 
Ez 
iu 


eee, 98 
o ve _ 
* 


. 
| „. 
A bw > 
— ES bays 
Rr r 


—— 


ny 
» *= 2 


2723 
it r rr 
ll 48722253, 
[ LEA HESLEVEERYS be EG en ns 2271 * 
— 1 7 7 - — 


Fig.g. © 


* . 
2 » * p : 
- - 
=, T; | a 9 
- 1 Wt 
4 — ' * - — wy 
n« . ; 6 
* 12 in | CT —— — — — — 
. l = — 
ys itt — : 
EE 


© gaCo aqzs ( 


— 


Aang 


a= 


WAH,” 


i 


S 
1 —— 


| Hons 
gy 
u d 


19 
_—_—— — ooo ; | 
— 


ft 


8 
Ln Dre "s 
— — 
A 


jj - ds | | if | 
: 
35 FL 0 * 


g 


2-24 oe 


2" 


— tre n et r mee ney 
uo 


F — "i 2 N | 


A Courſe of E xperimental Philoſophy. 


= 3 | bending them, as if the Ends A and B were to be brought together Lect. III. 
BI Z | gradually. N. B. This Way of ufing Pullies 15 called lacing. — 


1 05 


41. We muſt obſerve that the Rule above-mentioned is only ap- 

WE plicable to the Caſes in which the lower Pullies riſe all together in 
one Block with the Weight; but when they act upon one another, 
and the Weight is only faſtened to the loweſt of them, the Force 
of the Power is very much increaſed, each Pulley doubling it. As 
bor Example“, a Power whoſe Intenſity is equal to 8 Pound (ap- Pl. 10. 
WE plicd at 4) will, by means of the lower Pulley A, ſuſtain 16 Fis 9: 
| Pound +: A Power equal to 4 Pound (at 5) will, by means of a f 36. 
S lower Pulley B, ſuſtain the Power of 8 Pound Acting at a: A third 

Power equal to 2 Pound (at c) will, by means of the Pulley C, ſuſ- 

W tain the Power of 4 Pound at 5 : A fourth Power of 1 Pound (at 4) 
W will, by means of the Pulley D, ſuſtain the Power of 2 Pound (at 

c); and this is not altered by having its Rope carried over the upper 
| Pulley or Roller ER. N. B. What Weight each Pulley and each» zr. 
| Rope bears in this Syſtem of Pullies is ſet down in the Figure. | 


EXPERIMENT XIII. Plate 10. Fig. 9. 


A WE1GHT of 16 Pound hanging at the Pulley A, (of the Ma- 
chine Fig. g. made up of four ſingly moveable Pullies, a Roller at 
E, and four Hooks upon the Arm E F) let the little Weight 1, which 

keeps in /Equilibriothe Weight 16, be raiſed up to & 16 Inches high, 
| and the Weight 16 will only deſcend in the Line g h an Inch long. 
This ſhews the reciprocal Proportion between the Weights and their 
| Velocities to be applicable to this, as well as all other Caſes of Pul- 
| lies, as may be known by moving the Weight or Power in any Com- 
| bination of Pullies, and meaſuring the Spaces which they go thro'. 

Thus in Fig. 4 +. while 2 goes down to a, 1 goes up to B, juſt . Pl. 10. 
twice as far, Cc *. This Proportion therefore will always produce an * Ann. 9 
Equilibrium in this as well as in all other Mechanical Engines. 

N. B. The Ropes aſcending and deſcending, «are always to be ſup- 

poſed parallel, except where it is otherwiſe expreſſed + ; and in every + Ann. 10. 
Figure repreſenting Pullies, the Power and M. eight are marked with 

| the Letters P and W. PL, | 


| Of the AXLE in the Wheel. 
42. WHEN a Power by Help of a Rope, or any other Means, is 


applied to the Circumference of a Wheel, as to cauſe the ſaid 
Vol, I. : „„ Wheel, 


* 


— applied to the Axle in any Manner, ſuch a Machine is called an 
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Lect. III. Wheel, together with its Axle, to turn round and raiſe a Weight 


e ie Axle in the Wheel, or Axis in Peritrochio *. 
SINCE in this Inſtrument the Wheel and its Axis move toge- 
ther; it is evident, that in one Turn of the Wheel, when the 
* Plate 10. Power P deſcends a Length equal to the Circumference of the 
Fig. 10 Wheel, the Wei htgW riſes an Height equal to the Circumference 
of the Axis + the winding of the Rope which carries the 
Weight upon the ſaid Axis. And ſince, when there is an AEgquilis 
brium between two Weights, as Wand P, there muſt be a recipro- 
cal Proportion between their Maſſes and Velocities ; W will be to 
P, as the Circumference of the Wheel to that of the Axis (ſup- 
poſing the Rope of no Thickneſs) or as the Semidiameter of the 
+ Plate 10. Wheel to the Semidiameter of the Axis (that is, as DK to KA) 
Fig. 11. +ecauſe the Semidiameters of different Circles are in the fame Pro- 
portion to one another as the Circumferences. . | 
HEN CE it follows, that the leſs the Axle is in proportion to the 
Wheel, the greater may the Weight be, which is ſuſtained or raiſed 
by the Power. | Sy N 


EXPERIMENT XIV. Plate 10. Fig. 10. 
43. Tur Machine repreſented by the Figure is a Model (made 
by.a Scale of an Inch to a Foot) of ſuch an Axle and Wheel as is 
often made uſe of to draw Water out of a Well, by means of a Power 
drawing by a Rope applied to the Circumference of one of thc 
Wheels of the Machine, or by preſſing down ſucceſſively the Han- 
dles E, F, G, H, I, K, whilſt another Rope or Chain is wound up 
upon the Axis A or B, a Bucket hanging at it inſtead of the Weight 
W. Here in the Experiment-one Pound hanging at the Circum- 
ference of the biggeſt Wheel CD will keep in A9gu/ibrio 12 Pounds, 
hanging at the ſmalleſt Axis A, or 6 Pounds at the Axis B, and only 
3 Pounds upon the Circumference T V. In the ſame manner, 
when the Weight hanging at the Axis continues in the ſame Place, 
and to be of the ſame Quantity, v/z. 12 Pounds, then the Power 
which, at the Circumference of the Wheel C D, is equal to 1 
Pound, muſt be equal to 1 Pound, if it be applied at 8 R; but 
if it be applied at any of the Handles at the Diſtance of ; of an Inch 
from the Circumference of the Wheel C D (which is the fame as 


if a new Wheel was added of : an Inch more in Diameter) 1 a 
ower 
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Aquilibrio ; and raiſe it, if its Intenſity be increas'd ever fo little. 
Tarts is more clearly repreſented in Fig. 11. * where the Weights “ Plate 10. 

are repreſented by the Letters W, w, ww, and the Powers by the * 

Letters P, p, 7, and where you muſt obſerve, that unleſs the Power 

acts upon the Handles above-mentioned at right Angles, or in the 

lines Er, Ff, or Gg, Sc. the Effect cannot be the ſame as 

W miking uſe of a new Wheel E, F, G, H, to which the Lines E v, 

FF, and Gg are Tangents. | 


Power equal to no more than of a Pound, will keep the Weight in ect. III. 


44. For if a Power, as for Example P, acts obliquely upon any 
of the Handles, as in the acute Angle P F K, or its correſpondently 
obtuſe Angle PIK, the Line of Direction of the faid Power * be- An. 5 
comes the Tangent of the Circumference DC; and conſequently | 
the Power acts as if it drew by a Rope going round the Wheel CD: 
And if the Obliquity was greater, as when the Power p draws the 
Handle G in the Angle p G K, the Effect will be no greater than 
if the faid Power ſhould draw by a Rope going round the Circum- 
ference SR. The Powers in theſe Caſes mutt be increaſed in the 
ſame Proportion as the Lines DK and SK are ſhorter than EK. See 
ihe Numbers in the Figure, which expreſs the Intenſities of the Powers. 
N. B. We have taken no Notice here of the Thickneſs of the Rope, ts 
which a Regard is to be had in Practice, always adding half the Thick- 
neſs of, the Rope to the Semidiameter of the Axis: And if the Rope ts 


wound np upon itſelf, for every ſuch Turn we muſt ſtill add half its | 1 
Thickneſs, which is the reaſon why more Power muſt be applied when ; 3 
the Axis is thus thickned, as often happens in drawing Water from a n 
weep and narrow Well, over which we cannot have a long Axis. . = 


45. Ir the Rope to which the Power is faſtened be ſucceſſively , 
applicd to different Wheels, whoſe Diameters are bigger and bigger, 
the Ax1s will continually be turned with more eaſe, unleſs the Inten- 
ity of the Power be diminiſhed in the ſame Proportion; and if fo, 
the Axis will always be drawn with the ſame Strength by a Power 
continually diminiſhing. This is practiſed in Spring-Clocks and 
Watches, where the ſpiral Spring 8, which is ſtrongeſt in its Action 

when firſt wound up, draws the Fuzee F, or continued Axis i 
Peritrochio by the ſmalleſt Wheels near B: and as it unbends and 
grows weak, draws at the larger Wheels near A, in ſuch manner 
at the Watch-work is always carried round with the ſame Force *. Flate to. 
| P23. | THERE. 12 
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THERE is another very curious Contrivance, whereby a Power, 


whole Intenſity is continually diminiſhing, does yet produce an Ef- 


- 


fect continually increaſing, which is a ſort of a mechanical Paradox; 


but as it is in common Uſe, we are apt to overlook it. I mean the 


Plate 22. 
5 


Application of the main Spring in a Gun-Lock, to drive the Cock, 
which carries the Flint againſt the Hammer (or Steel-Plate, to ſtrike 
Fire) with an accelerated Motion, though the Spring is all the while 
unbending itſelf, FSP “* is the Spring bent up to the higheſt 
Degree, when the Gun is cocked; but its natural Situation when 
wholly unbent, is FSp. ACT is the Tumbler, whole Axis of 


Motion is at C, which is the Middle of an Axle or Arbor, going 


through the Plate of the Lock, on the End of which the Cock (be- 


ing the Weight to be moved by the Power) is fixed upon a Square. 


Now, the Tumbler is in effect an Axis in Peritrochio, with ſeveral 


Wheels, where the Power is ſucceſſively applied from the leaſt to 


the greateſt, as in the Fuzee of a Watch. I have- repreſented only 


three of them, according to the three moſt equal Poſitions of the 
Spring, by the pointed Circles « B, ab, and AB. Now, though 
the greateſt part of theſe Wheels is cut away when the Tumbler 
is reduced to its proper Figure Aa @ 8 Tt, there is enough left 


of each of them for the Hook of the Spring P to apply itſelf ſuc- 


ceſſively to them all, as it preſſes on the Arm A a, with a ſliding 
Motion from &« to A, wh is the whole Range of the Spring in, 
its Action. When the Gun is cocked, as in this Figure, the End 
of the Spring being applied at a, acts upon the Tumbler at the 
Diſtance « C, by the Wheel & B, ſo as to preſs upon it at the. 
greateſt Diſadvantage, at the ſame time, that the Spring 1s moſt. 
bent, or has the greateſt Intenfity. This is felt by applying the 


Hand to the Cock, which then makes the leaſt Reſiſtance. . 


® Plate 22. 
Fig. 8. 


IN the 8th Figure *, the Gun being at Half-Cock, the Spring 


acts upon the Tumbler with more Advantage, preſſing in the Tan- 


gent of the Circle, or Wheel a b, at the Diſtance a C, which gives 
the Cock more Force to deſcend, as may be felt by the Hand : For 


though the Spring is a little unbent, and ſo ſomewhat weaker the 


Diminution of Intenſity in the Spring, is not ſo great as the me- 
chanical Advantage gained by the Diſtance being increaſed from 
« C to aC. | 


Ix 


* NT 
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Cock is preſſed down with a much greater Force, becauſe the End 


| | of the Spring P now acting in the Tangent of the Circle A B, has 


AC for its Diſtance of Power, about 3 times greater than « C (the 


Diſtance of Power when the Gun is cocked) whereas it is not un- 


bent above x, as may be. ſeen by comparing the 7th Figure with. 
the gth. | | 1 1215 


46. As Leavers and Pullies acting upon one another are ſome-- 
times joined together to increaſe the Action of the Power, whereby 
it may ſuſtain or lift a greater Weight; ſo it is uſual to make a 
compound Axis in Peritrochio by combining together two or more 
of theſe Machines. Becauſe though by means of a long Axle ca- 


pable of receiving a great deal of Rope, one may draw Weights 


from a great Depth; yet, as a very ſmall Axis would be too weak: 


for very great Weights, or a large Wheel would be very coſtly, if 
ſufficiently . or make a cumberſome Engine which would 


take up too much room; it is more adviſeable to combine Wheels 


and Axles, by means of Pinions or ſmall Wheels upon the Axles, 


whoſe Leaves (or Teeth) take hold of Teeth made in the large 
Wheels, as we ſee in Clocks which have ſeveral Axles and Wheels, 


or ſome ſort of Cranes which have only two of them. combined 
together *. 5 8 | 


ExXP.ERIMEN.T XV. Plate 10. Fig. 13:. 


* 


47. Tüls Machine conſiſts of two Wheels with their Axles, the 
arſt of which ABC (on whoſe Circumferencè A B is coiled the 
Rope which carries the Power P, which is a Weight of one Pound) 
has a Pinion of eight Teeth on its Axis at C, which takes the Teeth 
of the Wheel F G of the other Axis in Peritrochio. The Wheel 
FG las forty Teeth, and its Axis H K is in Diameter the eighth 


Part of the Wheel AB. Hang the Weight W of.40 Pound upon 
the Axis H K, and it will be kept in MAmquilibrio by. the Power P. 


which is equal but to 1 Pound. 


Ir we ſuppoſe the Axis-CI of the ſame Diameter as the Axis 


KH, it is evident that the Power P would have ſuſtained but 8 


Pound hanging on the ſaid Axis; nor would it have ſuſtained: 
| | | . more 
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| In the 9th Figure, the Spring is ſtill more unbent; but yet the w—w— 
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Led. III. more on the Axis K H if this laſt Axis had gone round as often | f 


as the firſt Wheel AB (which would have happened if the Wheel 


Plate 10. 
Fig 13. 


And this holds good, let the Machine conſiſt of ever fo many Wheels, 


* Ann. 8. 
Lect. 2. 


* Plate 10. 


Fig. 14. 


© Ann. It, 


'\} 


is compounded of the Ratio of the Diameter of the Axis of the 


rection WIT) or draws the Body away from that Plane (as from 


FG had had no more Teeth than the Pinion C) but ſince its Wheel 
has five times more Teeth than the Pinion on the Axis CI, it muſt 
go five times flower than the faid Axis; and conſequently the 
Weight W goes up five times flower than it would have done on 
the Axis CI; therefore it has forty times lefs Velocity than the 
Power P, riſing only one Inch whilſt P deſcends forty. 8 
HEN CRE it Pao that the Ratio of the Power to the Weight 


laſt Wheel (where the Weight hangs) to the Diameter of the firſt 
Wheel (where the Power is applied) and the Ratio of the Number 
of Revolutions of the laſt Wheel, to the Number of Revolutions 
of the firſt Wheel in the ſame time. As for example, here the firſt 
Ratio is of 1 to 8, and the laſt Ratio is of 1 to 5; therefore the 
Ratio of the Power to the Weight is as 1 to 40, vir. the Compo- 
ſition or Multiplication of thoſe two Ratios, becauſe 5x 8 = 45, 


Of the Inclined PLANE. 


48. For the better underſtanding the Uſe of the inclined Plane 
in Mechanicks, we muſt remember what has been ſaid before con- 
cerning the Velocity of a Weight *, viz. that whatever Line the 
Weight deſeribes in its Aſcent by the Action of the Power, we are 10 
call its Velocity only that Line which repreſents its perpendicular 
Aſcent or Deſcent. 

Ir it ſhould be required to lift up a very heavy Body as W or 
20 *, the Height CB, it would be impracticable to raiſe it up in 
the Line CB without a Power whoſe Intenſity is equal to that of 
the Weight; and even in that Caſe very inconvenient to do it, el- 
pecially in building. But if an inclined Plane AB, be laid riſing 
from the horizontal Line A C, from whence the Weight is to be 
raiſed, a leſs Power than the Weight will ſerve for that Purpole, 
unleſs it puſhes the Body directly againſt the Plane, (as in the Di- 


W towards e, 7, or L, or) in any Direction on that Side of the 
Line Ee x. | 


49. Tus 
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| Lect. III. 
49. Tur Direction in which the Body can moſt eaſily be drawn eee 
o puſhed up the Plane (as in driving a Wheel-barrow) is in the N —_ 
line W w M, parallel to the Plane and paſſing through the Cen- 
W ter of the Weight; for whether the Power drives a Plane 4K (in 
a Direction perpendicular to it) along the Line WM, or the 
Power P (by its. Deſcent to p) draws it in the ſame Line, the Ve- 
locity of the Power will be equal to the Line We, the Space de- 

{cribed by the Center of Gravity of the Weight, whilſt the ſaid 

Weight riſes only the perpendicular Height Z B (n W) or has 

the ſaid Line properly to expreſs its Velocity. If the Body was 

a Cylinder, as a Rolling-Stone, and the Plane TF were to paſs 

through the Gudgeons or Axis of the ſaid Stone; it is evident that 

the Caſe would be the ſame ; and as the Weight P has its Rope 

running over the Roller (or upper Pulley) M, the Line Pp will be 

the Velocity of the Power. Therefore in this Caſe the Weight (if 

kept in Zquilibrio) will be to the Power as W w (=T B) tow Y 

(BZ) or as the Hypotenuſe AB is to the Perpendicular B C, 
which (by Eucl. 4. 6.) are in the ſame Proportion, and conſequently 

it the Power be ever ſo little increaſed, it will draw the Weight 

up the Plane. Ce T4. | | | 

N. B. In Practice the Power muſt be pretty much increaſed, if 

_ the Body is not ſmooth and ſpherical or cylindricꝶ, and the Plane very 

ſmooth. But as all Sorts of Bodies are to be drawn up lo reduce them 

as near as we can to a Sphere or Cylinder, we muſt faſten Wheels ta. 

them, or (which ts the ſame thing lay them on a Wheel-Carriage. 


18.14. 


Fo. THAT the Power acts with the greateſt Advantage, whilſt 
it draws in the Line of Direction W wv (parallel to the Plane) is 
evident; becauſe if one End of the ſaid Line of Direction remain 
ing fixed at W, the other ſhould move towards B, or beyond it, 
then the Body would be partly drawn againſt the Plane, and there- 
tore the Power muſt be increaſed in proportion to the greater Dif- 
ficulty of Traction: And if the End w of the Line abovemen- 
tioned ſhould be carried to D, or beyond it, the Power muſt be 
allo increaſed, in as much as it endeavours to lift the Body off from. 
the Plane. Hau much the Power muſt be increaſed in proportion to 
the Angle, which its Line of Direiow makes with the Plane, will 


ve ſhrn in the Notes v. An. 124 
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; —— 51. Ir the Power draws in a Line of Direction WB, pa- 


Vie ha. - Tallel to the Baſe of the Plane; then in order to keep the Weight 
| Win quilibrio by the Power II, the ſaid Power muſt be to 
the Weight, as Z B to Z T, or as the Perpendicular BC to the 
Baſe A C of the Triangle A CB. For if we ſuppoſe the Pulley 
Rat ſo great a Diſtance from W, that the Line of Direction 
WR may not ſenſibly alter its horizontal Poſition, then will the 
Power II deſcend to @ whilſt W rifes the Height BZ, in ſuch 
manner that II 2 62 WY, and not W wW) will be the Velocit 
of the Power. So that the Velocity of the Power to that of the 
Weight will not be as the Hypotenuſe to the Perpendicular, as in 
the former Caſe, but as the Baſe to the Perpendicular in the Tri- 
; TIT: 909553 1 4 Cprehb e 
, Ir the Power be increaſed juſt enough to overcome the Fric- 
tion of the Plane and draw up the Body W, let the Pulley R 
be lifted up gradually tor, fo as to keep the Line WR paral- 
Jel to itſelf till it comes to w 7, and the Power will be deſcend- 
ed to * when the Weight is come to w B. But II 7 together 
with the Diſtance Rr, is equal to II , or W Y, &c. And this 
Traction being conſtantly made in the Angle WBT, is the 
Cafe. JS 4 


1 | Of the WEDGE. 


52. THE Wedge is a ſhort triangular Priſm, whoſe two oppo- 

ſite and parallel Planes are rectangular Triangles, ſuch as the Sec- 

ko ae 10. tion AB C &, the reſt being rectangular Parellograms ; the Edge 

of | 1 entring Part of the Wedge is made by the meeting of two Planes 

in whoſe Section is the Point A, and the Back of it is the Plane 

4 oppoſite to the Edge, on which the Hammer or Mallet ſtrikes to 

i drive the Wedge forwards. The Repreſentation of it is ſeen in 

| Fe n. the Figure ABCDE®. 5 + ek; Gab: : 

1 + Slat 'o Ix upon the horizontal Line A C produced towards p, be 
Y Jig. 14. laid the Weight w at the. Point 4, and a Plane as G g to ſtop it 
* from going towärds A, whilſt the Wedge A B C is puſhed un- 
5 der it from 4 towards A; as the Wedge is driven from C to A, 
g the whole Length of its Baſe AC, the Weight riſes juſt the 


\ } 
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Height CB; or the Thickneſs of the Wedge : Therefore the Power 
will be to the Weight, as BC to AC. Th 

py g. Tur Pr oportion of Force uſed would be juſt the ſame, if a 
Plane as F f were to move parallel to itſelf, and perpendicular to 


AC, and puſh up the Weight, as W, from A to B along the 


| Wedge ſuppoſed then immoveable. Nay, it would be the fame, 
if the Weight was only puſhed from one Part of the Wedge to 
another, the Plane moving but from F/ to G g, or (which is the 
ſame) from Ee to Dd; for then w Y would expreſs the Riſe of 
the Center of Gravity (or the Velocity) of the Weight, and WY 
the Velocity of the Power, which are ſtill in the Ratio of BC to 
Tx1s is the ſecond Caſe we mentioned concerning the inclined 
Plane, and may be confirmed by the following | 


ExPERIMENT XVI. Plate 11. Fig. 2. 


| 54. TAKE the Machine deſcribed in the Figure *, in which the 4 4 
ſmooth Plane or Board BA HI, moveable on Hinges at B and I, 5 


may be raiſed ſo as to make an Angle with the horizontal Board 
NLBI, by help of the Quadrant Q, and fixed in its Poſition by 
means of the Screw at T; and having made faſt the Head DE 
in the Groove Ss by a Nut under the horizontal Board, raiſe the 
Pulley G of the Arm D G to C, ſo that a Line going over the 
faid Pulley in the Direction c M, may be parallel to the Plane AB. 
Then take alittle wooden Cylinder M, the Ends of whoſe Axis or 
Pivots go through a braſs Frame as at O, ſo that it may be drawn 


caſily by a String fixed at M; and lay on the ſaid Cylinder upon 


the inclined Plane, having faſtened to M a String which goes 
over the Pulley c, and is joined to the Ball P, which being made 
ule of as a Power, will ſuſtain the Cylindric Weight M, when P 
is to Mas AC the Height of the Plane, to AB its Length. 4 
little more Weight added ts P makes it draw up the Cylinder. 

Burt if the Arm Ee be lowered, ſo as to come into the Poſition 


EG, þ muſt be to M (in order to keep it in Æguilibris) as AC the 


Height of the Plane, to CB its Baſe. N. B. Here it is to be ob- 
ſerved, that though the Addition of a little Weight to p will make 
it begin to draw the Cylinder M up the Plane; that the Cylinder 

Yol hk E > 2 will 


la 
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te 11. 


* Plate 10. 
Fig. 14. 
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. . 299 ot J. Kal ucts ) By 165 Bere p. ech the Avgh 
| = which the Line of —— 5 tht Dk LA? with 5 5 


Planie 25 
be ineręaſed as the Cylinder riſes. up; but if the Pulley G 2 radually 


lifted up to K, ibi the Cylinder it unn up is m, i 2 


| which then 4507 be at *, a6 5 have re "rag & on the Weight af 


in, as it had before i at M, And th eight (when kept in 
Fequilibrio 1 in the Line of Hirechim M 6 5 Ay m 9 will Jo be i the 
Power as Mn to ith; 87 BC CA; 
Tus, Mackins aid erperimegtali tees ine Effect er 
Power, Whätever . its Line of ireion makes 8 wich the 
Plane. | | 


Tar | Wedge, A we 2 Hitherto confidera 8 a 
Wage ating in rhe moſt fimple manner, only with one of its 

Surfaces ; for when it hide upon the Piane CA to lift the 
Weight W, it does only act with its Surface A B, the Surface 


AC only applying itſelf to the Line Ap, without removing it 


from its Place. Thus if a Mould Slog was to be ſeparated from a 


„ Plate 11 Wainſcot, as M m from W w means of the Wedge ACB, 


Fig. 3. 


Plate 11. 


Fig. 4. 


Ti is plain that 2 A the Vübelt⸗ the ' Wedge (ſo far as it is 


driven i in, when from the — 4 * 0 22 into the Poſition 


ABC) Sud be t % the Velocity of che Moulding as A C to 
BC. Thiefefcte, G. $6 it would be if a Pillar ſtanding upon 


a Floor d was to be raiſed up without 'moying the Floor. 


38 By r in the common way of uſihg the Wedge, both Sides 
or It act, as in cleaving Wood: Then the Proportion of the Power 
and Weig ht are different from the former; for then the Power 
Will be to Sthie Weight a as half the Wedge's Thicknefs to its Length. 
Biit'theh, we may eaflly reduce this to what has been ſaid before; 
'becaule here. we mike uſe of a double Wedge. For let us ſup- 
poſe Ca* an itmthoveable Plane, and on each Side of it a Wedge, 
as BCA and 3 CA, mide uſe of — remove a Weight as c or a 
From the ſaid Plane; the Power p ing the W edge will be to 
the Weight but as c C (A weld or 4D (A D SC) to 


the Length of the double Wedge oh As, * is now got to 


Ad. Some mechanical Writers Habe miſtaken this Caſe by 
adding together the ſingle Velocities of c and 4, vis. C D. 
1 — callicg that Sum the Velocity of the Weight, which they 


Ton Seren With A the Velocity of the Power; but we muſt con. 
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fider, that if” e two Bodies to be removed from each other (as Lect. III. 

the Parts 80 the OE to be cloyen) \ were laid upon,” 5 ano ves 
on either Kc 85 Foal 1 ple at FA their e y would 6 nly be 

4D, and they would be d as eaſily then 1 Wedgel as 

5 CA, from 4 to D, as by the two Wedges in che former fs, 

For though in confidering the Momentum of Bodies, the Sum of the - 

Momenta of all the Parts 70 76 2 taken for the Momentum of the 

Whole ; ; We are not to "take th Sun "of th the e Velocity LS the | ver for 


FEES Why 


2 4 7 ether 9) fe Parts b 2 wy: ry 25 N 
0 B or EPI pr the 615 5 Motion | fd at C; it is evident thBt 


one Pound at A will keep | in Aquilibei 10 £4209 Pound! at Eb _ 
Eng, though the Pounds were to hang Angle, a two Pound. 

bein = equivalent to 70 Angle Pounds : Fg the Sum if 35 
7 e of B and D were 10 be taken, there mill then Be tuo Pound. 
at Ato ſuſtain 't the Weights at B and D, the Radius C A giving no 
mare Velocity to the, Wes eig ht at A, than the Radius CB or CG of 
balf its Length, to the N. Pights at i its "Ends, which 10 abjurd, Kc. 


I both Caſes of the Wedge, it is not only nece to ap- 
Ty F orce CR ISS rreater can 7 in 70 Lotion Pe ili 
Thickneſs or of t the W. ole Thickneſs of the 5 be to its Len 
that the Power may overcoine the Weight but becalife the 102 
faces even of the moſt poliched Wedge are very rough (im cortiÞa- 
riſon to the mathematical Smoothneſs which we have ſtppo ed) 
and the Bodies | to, be ſeparated likewiſe very far from pitt 1 their 
Surfaces truly lane ; We muſt make uſe of an additional Force, to 
overcome the Stickage ariſing from that Roughneſs.” 1 
Tus, Friction or Stickage, which is not great in other Engi ines, 
is very conſiderable in the Wedge, Experience ſhewing that a 
Wedge laden with a vaſt Weight, has hardly any Effect eſpecially 
in cleaving Wood; becauſe not only the Surfaces of the Wedge, 
awe ſaid before, but the Parts of the Wood to be cloven are al- 
ways rough, and ſo cloſe, that their. F riction ver ry mur binders 
the Motion ; which Obſtacle we endeavour to remove by Percuſ- 
ſion, which here is of wonderful Uſe : for Experience ſhews; that 
a Blow upqn the Head of a Wedge, makes it enter eaffly into a 
hard. Bo y ;, the Reaſon | of which ſeems to be, that a Blow, by 


"CF © © "putting 
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Lect. III. 


1 58. To prove by Experiments what has been ſaid of the Wedge, | 


and fixed to the former; each of theſe laſt Pieces has on the In- 
ſide about the Middle, two little Pullies NO, PQ not exa@ly 
in the ſame Plane, leſt the String that goes over the one, 
. ſhould fall upon the String which goes over the other. EF, 


ther (their Axes rolling on the vertical Pieces) by the Deſcent of 
the Weights R S, each of which is divided into two Parts by means 


- linders. That the Cylinders may come cloſe together, without 


are a pretty deal larger than the Cylinders) are made convex to- 


to the Axis of the other Cylinder at f, when only this laſt Cylin- 


by its own Weight, or the Addition of the Weight W, ſeparates 
one Cylinder from the other, which is fixed (when the pricked 


(when Y) repreſents one String, and H N the other.) 


\ } 
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putting all the Parts of the Wood in motion, makes them trem- 
bie and be diſunited, ſo as to leſſen the Stickage, and facilitate the 
Motion of the Wedge. The Effect of Percuſſion will be greater 
in proportion as the percutient Body is heavier and moves ſwifter. 


Plate 11. Fig. 6. 


we muſt make uſe of the Machine repreſented in the 6th Figure 
of Flare Ir, + 1 . e 

_ ABCD is a Braſs Frame, conſiſting of two horizontal Pieces 
AB and CD, and two vertical ones AD and BC, ſtanding upon 


H are two Cylinders with Steel Axes, which are brought toge- 


of its Pulley Tor V, ſo as to draw the Cylinders equally towards 
one another, by the Strings and Braſs Loops T NH, and f Y), 
and two ſuch other Loops at the other End of the Axis of the Cy- 


touching the Pulleys N, O, P, Q, the Plates at their Baſis (which 


wards the Ends of the Axis. The two Plates Z M, Z M, juſt 
wide enough to apply themſelves to the Cylinders, without rub- 
bing againſt the Places at their Ends, are joined at M in the man- 
ner of an Hinge, ſo as to make a Wedge, and be opened to any 
Angle meaſured by the graduated Arc I KL, which paſſing through 
the Plates, holds them faſt, by means of the two little Screws Z, Z. 
X 1s one of two bended Wires, whoſe Ends being ſlipped into two 
Holes, keep the Cylinder E F from coming out of its Place, and 
only allow it to turn upon its Axis, when the Loop F (and its op- 
polite under E) is carried over the Pulley Y (and the contrary Way) 


der HG is to be puſhed away by the Deſcent of the Wedge, which 


Lins repreſents the String) or removes them from each other 


E x- 
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59. EvkxRxx thing being in the Poſition repreſented in the Fi- _ 
gure , open the Wedge to any Angle at pleaſure; as for exam- „Plate 11. 
ple, to an Angle of 20 Degrees, and hang on ſuch a Weight . 
as may together with the Weight of the Wedge, draw down the 
Wedge, and by ſeparating the Cylinders, raiſe the Weights R andS. 

Open the Wedge to an Angle of 40 Degrees, and twice the Weight 

will be required to- bring down the Wedge ; but if you flip on 

the Wires, ſuch as X, to fix the Cylinder E F, and hang the four 

Loops and Strings upon the Cylinder H G, the Wedge acting only 

with one Surface to remove the Cylinder H G, will require twice 
the Weight to bring it down, that it would if it acted with both == 
Surfaces ; that is, being opened to an Angle of 20 Degrees, as 
much Force will be required to bring it down, when only one Cy- 

linder is moveable (though the other can freely turn about its Axis) 

as if it was opened to an Angle of 40 Degrees, and both Cylinders 


moveable. | 
0 the SCREW. 


60. A Screw is a Cylinder cut into ſeveral concave Surfaces, or 
rather a Channel or Groove made in a Cylinder, by carrying on 
two ſpiral Planes the whole Length of the Screw, in ſuch man- 

ner that they may be always equally inclined to the Axis of the 
Cylinder in their whole Progreſs, and alſo always inclined to the 
Baſe of it in the ſame Angle. Win:; nds. 

61. THE Screw may be alſo conſidered as a Wedge carried round 
a Cylinder, which in that Caſe is called the Arbor of the Screw; 
the Wedge ſo carried on making what is called the Thread of the 
Screw, as may be ſeen in the 7th, 8th, gth, 1oth, and Lith Fi- 
gures &: The Arbor of the Screw being A B in Fig. 7. and acbd 8 2 | 
0 Fig. 8. as if the Cylinder A CB H was inſcribed within the = 

crew. | £2: 47 * „ 1 
ba. Id the 8th Figure we may ſee the manner how a Screw is 
made, if it be cut out of the Cylinder PHIQ, then HK I. 
MNOP is a ſpiral Line going about the Cylinder, marking the 
prominent Part to be left of the ſaid Cylinder, and b E n n o, the 


+ 


b | 
„ . 
8 
X 4 


„ P 


A Coarſe of | 


L ct. III. Line marking the Depth to which the Screw is to be cut (ſup⸗ 
= poſing the ſame Line to go round the inner Cylinder or Arbor 


* Ann. 13. Thread, as will. be more fully ſhewn in the Notes k. 


ABCD“, though not expreſſed here, to avoid Confuſion) and 
then L Nn, &c. will repreſent the prominent Part or Thread 
of the Screw. Now, if inſtead of cutting the Hollows HL, 
LIN, Nn P, &c. into the Cylinder PHIC „a continued Wed 
be fixed to a ſmaller Cylinder as A CB P, or rather 4c 4d, the 
lame kind of Screw will be made, and ad will be the Arbor of 
that Screw. Sometimes the moſt. prominent Part of the Thread, 
as L., N, Cc. is not ſharp but flat, and then the Thread is called 
a ſquare Thread, as in Fig. 11. which repreſents the- Section of 
ſuch a Screw. This Sort of Thread is hot uſed in Wood, but in 
Iron and other, Metals. it is 1— good Service, being commonly more 
durable, and railing the 


* 
> 


eight with more Eaſe chan the ſharp 


* 


e BS 4 aimed 


To make an Eſtimate of the Force of the Screw (which may 
be compared either to an inclined Plane, as we have conſidered it 
among the mechanical Powers) or to a Wedge according as its 
Arbor does or does net advance in a- progteſſive Motion, whilſt it 
turns round its Axis to raiſe or ſtop a Weight, or to preſs Bodies 
together, whith are the ſeveral Uſes of a Screw) let us take a 
flexible Wedge, as for example one of Paper, and coil it raund a 
Cylinder“, as is repreſented in the Figure, where AB is the At- 

bor, CID one Thread er Helix, DHE another, and E FG Part 
of the Wedge left to ſhew the Propottiom between the Power that 
turns the Screw and the Weight W. 


63. Ir the Weight-puſhed-up the Wedge (or which is the ſame, 
raiſed perpendicularly by the Wedge ſlipping under it) from F to 
H in the Direction Wo, then will HG be the Velocity of the 
Weight, and G the Velocity of the Power, which is the Caſe 
- of the inclined- Plane becoming ea Wedge; and this will be the 
Analogy for the Screw * thus acting. . 


As Dirie hole Diatheter i Hö ?: 
To H] the Diſtance of two Threads :: (or as the Baſe 
FS:: tothe Perpendicular HG :::): 4 
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90 is the Weight: | So ole de ey. 1 Jt. _ 
To the Power applied to the Arbor at A to raiſe a Weight 
; up the Thread HIDC. ü e . 
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Lect. III. 


N. B. Y fuppoſe the Diameter of the Arbor at A, and of the 


Screw at H, heavly equal. 


Tus is the Caſe of the 10th Fig. where the moveable! Plank 
DK is carried down by turning round the Heads G, G, of the 
Screws AB and CD, in order to preſs ſtrongly the Bodies placed 
between the Planks DK and ML, whilft the Piece H I fixed on 
the upper Plank is either guided through an Hole, or being only 
looked at, ſerves to ſhew whether the Plank K D be brought down 
| horizontally as the Screws are turned. When long Leavers are 

thruſt into the ſquare Holes at the Heads of the Screws, the Force 
of the Screw is much increaſed, and then the Weight: will be 


Plate rt. 
Fig. 10. 


to the Power : : as the Circumference of the Circle deſcribed by 


that Part of the Leaver to which the Hand is applied: to the 
Diſtance between two Threads. So'in Fig. 13. as the Circum- 
ference of the Circle whoſe Radius is A H: to Ce the Diftance 
| of two Threads of the endleſs Screw CD:: ſo is the Reſiſtance 

of the Teeth of the Wheel I.: to the Power applied at . 


64. Bur if the Wei ht W be driven along on the Wedge 
HF in the Direction W parallel to the Surface af the Wedge, 
then will this Caſe be the fame as that of the inclined Plane +; 
and therefore the Analogy for the Screw in the Progreſſion of it 

As the Spiral Line H DI: - 52 AL 
To HI the Diſtance of two Threads:: (or as the Hypo- 
thenuſe FH: to the Perpendicular H G) :: 1 
deln , OE ale OR OO 
To the Power applied to the Arbor at A in a ſpiral Pi- 
rection parallel to HLDIC. 1 | 


kur och Figute repreſents the Praftice of this, whether the 
Female Serow D E be brought down on the Male Screw to- 
: I . Wards 


Plate 11. 
Fig. 13. 


* Plate 11. 
Ye 26.40 


1 49. 


een. 


Fig. 7: 


Plate 11. 
Fig. 9, 10,1 
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wards the Plank B, or the Plank B and its Screw be brought up 


—— towards D E by ſcrewing its Screw up higher into the Box or Nut 


Lines in Fig. 12. compared with Fig. 8. 


DE. Therefore when Handles as D and E are uſed to increaſe 
the Force, the Weight : will be to the Power : : as the ſpiral Cir- 
cumference deſcribed in one Revolution by their Ends to which 
the Power is applied: to the Diſtance between two Threads of 
the Screw. The Thread of the Female Screw within the Nut or 
Piece of Timber with the Handles, is repreſented by the pricked 


* . 


Puls Caſe is applicable in Practice to the Screw at the End of 
Simblets, to facilitate the boring of Wood; to the bringing down 


the Nuts in large cold Preſſes, and to the common Uſe of Screy- 


* Plate 11. 
Fig. 14. 


* Ann, 13. 


Pins for holding together the Parts of Machines. 


Tux greateſt Part of mechanical Writers have only taken no- 


7 g 


tice of this laſt Proportion of the Force of the Screw. 


65. Tuobd in the Theory, if the Product of the Intenſity of 
the ne into its Velocity docs ever ſo little exceed the Product of 

the Weight into its Velocity, the Power muſt raiſe the Weight; 
yet here the Power, or its Velocity, muſt be ſenſibly increaſed to 
produce this Effect in Practice, by reaſon of the great Friction in 
the Screw, which is the ſame that we have taken notice of in the 
Wedge; only we are to obſerve, that there is more Friction in the 
ſharp than the ſquare Thread, which may appear by a Sight of 
the 14th Figure *, where BA CD repreſents: the Section of 3 
ſquare Thread, and þ ad the Section of a ſharp Thread, As the 


Part A C does not touch the Female Screw, which only bears witl 


its Force and Weight upon the Flat A B, the Line AB. in the 
ſquare Thread compared with 4 5 in the ſharp Thread (on which 
Part the Female Screw bears) will ſhew the Friction to be lets on 
the ſquare Thread in proportion to thoſe Lines, beſides the Obli- 
guy to be confidered ellewhere'® “... Go» 
66. Tnx Diſadvantage to the Force of the Power occaſioned 
by the great Friction in the Screw is fully recompenſed in the 
Uſe of that Machine; becauſe, on that account, the Screw con- 
tinues to ſuſtain the Weight, even after the Power is removed, of 
ceaſes to act, or to preſs the Bodies againſt which the Power had 
driven it; whereas in the Balance and Leaver, and other me- 
"chanical Powers, (except the Wedge of which the Screw is mo! 
1 92 % b 
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the Weight ceaſes to be ſuſtained, and goes back when the Power Lect. III. 
ceaſes to act. The Reaſon of this is, that Weights when they are 
raiſed by Screws endeavour to deſcend perpendicularly, whereas 
the Screw has been puſhed againſt them very obliquely, fo that it 

| can only be puſhed back again in that oblique Direction, which 
cannot be given to them by the Gravity of the Weight tending 
downwards, if there be the leaſt Friction againſt the Thread of the 

W Screw : So likewiſe when a Body is preſs'd by a Screw, its Surface 
| re-ats in Lines perpendicular to it, that is, in the Direction of the 
Arbor of the Screw; whereas the Screw cannot be driven back 

unleſs it be moved in the Direction of its Thread, which makes a 
great Angle with the Axis of the Arbor. Thus the“ Plank K &, * Plate 11, 
Hg. 10. cannot fall down in the Direction of its Gravity towards 2 O- 
ML, unleſs it could cauſe the Screws to move in the Direction Bs 7 
or Dd. Neither can the Teeth of the Wheel I*, Fig. 13. preſ- * Plate 11. 
ſing againſt the Screw C c in the Direction CB move the Screw, Fig. 3. 
8 or cauſe the Handle H to move in the Direction of the Circle 
| whoſe Radius is A H, though the Power which went round fn 
that Circle be removed, and the great Weight W does very ſtrongly 
endeavour by the Axis E F to turn the Wheel I: . 
| Hence appears the great Uſe of the Machine of Fig. 10. 

wich by means of the ſtrong Piece I, may ſupport the Side of 

un Houſe, and ſeveral of them applied in different Parts can ſuſ- 

tan a whole Building whilſt the Foundation is mended or re- 
newed. „ 


67. WHETHER the Screw be conſidered as a Wedge or an in- 
clined Plane, it follows from what has been faid, that the cloſer 
the Thread of the Screw is, the greater is its Force, and the more 
advantageous the Friction; the Power bringing forward the Screw 
with moſt Eaſe, and the Difficulty to puth back the Screw becom- 
ing the greater. > | 

08. As Percuſſion is uſeful in the Wedge to leſſen Friction; 
o in ſome Caſes there is a kind of Percuflion uſed to drive on a 
dcreu, as in Printing, Coming, and Sealing Inſtruments with large 
deals, where a great Preſſure is required; and that is done by a 

Fly, which is a Balance going through the Arbor of the Screw, 
and loaded with Weights at its Ends, or ſometimes only one Bra- 
chm of it, as in the Printing-Preſs. | | 

Vol. I. R : | HERE 
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Lect. III. Hers inſtead of the Hammer or Mallet, which comes on upon 
Wy the Back of the Wedge with an accelerated Motion in a circular 


\ } 


Direction to drive it into the Wood; the Weight of the Fly comes 
down alſo with an accelerated Motion, but on an inclined ſpiral 
Plane, and thereby having overcome the Friction of the Threads 


of the Screw as it deſcends, puſhes the End of it with great Force 


againſt the Bodies to be preſſed. But this will be farther explained 
bereafter in another Lecture. | | | 


69. Tre Friction of a Screw joined by a Fly is often made 
uſe of to regulate Motion by retarding a Weight which would de- 
ſcend too faſt, reducing the accelerated Motion of an heavy Bod) 
in its Deſcent to one that is uniform, by deſtroying juſt as much 
Force as Gravity would ſuper-add to the deſcending Body in Mo- 


tion. But we ſhall explain this more fully when we ſpeak of the 


Fall of Bodies. | | | 
THrovGn Balances, Leavers, Pullies, Axes in Peritrochio, and 
even Wedges can be made to a& upon one another to increaſe the 
Force of the Power (as has been ſhewn in the Confideration of 
the Leaver, Pulley and Axis in Peritrochio;) yet Screws cannot 
be applied to each other directly, without the Intervention of ſome 
other mechanical Power: but in Compoſition with other mecha- 


nical Powers or ſimple Machines, the Screw will ſerve to make 


an Engine of vaſt Force. Which leads me to the Conſideration 
of £ _ | 


Compound ENGINE S. 


70. Tarr Combination of two or more of the ſimple Ma- 


chines, for the Uſes of Life (whether they be of the ſame or of 


different Kinds) by means of a Frame of Wood or any Metal, 
makes what we call a compound Engine. As it would be endleſs 


to recount the ſeveral Sorts that are made uſe of, we ſhall only 


give an Account of ſome few, whereby we may judge of what 


may be performed by any Engine which has been made, or may 


be hereaftcr put in Execution, upon ſight of an exa& Draught of 
the intended compound Machine ; that we may have a juſt Value 
for what is or may be uſeful, and not be deceived by Pretenders 
to Perpetual Motions, and thoſe who promiſe greater Effects by 
Machinery than is conformable to the reciprocal FINN - 

3 
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Ws tween the Intenſities of the Powers and Weights and their Velo-Lect. ut. 


242 < — * — 
F Ann. 14. 


71. Tur two Machines repreſented in Fig. 1 and 2, of * Plate * Plate 6. 


W 6. repreſent the Scorpions which the Ancients uſed in. War for Fig. and z. 


| firſt mentioned . 


g. i. yet as the ſame Rope runs over or under them all, they 


| throwing Stones, as I have deſcribed them already ; I only take + L. 2. 

| notice here, that they are compounded of a forked Leaver, two Ann. 7. 

_ Ac: Peritrochio, and two Pullies, which laſt in Fig. 1, only 
direct the Rope as they are Rollers, but double the Force of 


| Power in Fig. 2. 


72. Tur Water-Engine of * Plate 7. Fig. 14 and 15, conſiſts * Plate 7. 
of two Leavers E D and IK, and its Uſe is deſcribed where it is Fig. 14 and'15. 


73. Tur 14th Figure of Plate g. repreſents a Machine of great 
Force, compounded of three Leavers acting upon one another as 
| deſcribed above *. i N | 


| 74. Tuoven in the tenth Plate, Fig. 4, 5, 6, 7 and 8, 
| the Machines repreſented are made up of ſeveral ſingle Pullies 
or Sheevers (Wheels moving round a Center-pin) like that of 


| muſt be conſidered only as one Machine; for the Workmen call 
them by the ſingle Name of a Pulley or a Pair of Blocks ; and 
the Ancients conſidered a ſingle or many Pulleys joined in the 
manner repreſented in thoſe * only as one Engine, which 
they called by various Names, according to its Number of Shee- 
vers; as Monopaſtum when it had but one, Diſpaſtum when it 
| had two, Tri/þaſtum when three, Tetraſpaſium when four, Pen- 

'ſpaſtum when five, and uſually Poly/paſtum when it had many 


heevers. 


75. Bur the Machine of Fig. 9“, is a compound Engine 3 * Plate 10. 
becauſe in it the Pullies act upon each other, and increaſe the fis 9+ - 
Force of the Power in a greater Proportion than according to the 


Number of Sheevers in the others above-mentioned, as has been 
ſhewn w. | 41. 


TY DE 76. Tux 
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— 76. Tur 13th Fig. repreſents an Engine compounded of two 


| Axes in Peritrochio, whoſe Operation has been deſcribed and Force 
Rn > calculated *, . = - EC ies 


2 Plate 11. 77. THE gth and 1oth Figures of Plate 11 *, are compound 
Tig. 10 Engines, becauſe ſuch great Screws cannot be turned without Lea- 
vers applied to them. N. B. It ir to be obſerved, that when a Lea- 
ver or Leavers carry an Axis round, in which Caſe they are called 
Hand-ſpikes, or Bars, they perform the Office of a Wheel turning 
an Axis, and may therefore together with the Axis they turn be con- 

frdered as an Axis in Peritrochio. . 
THis is more evident in obſerving the Motion of the Handle 


» Flate 11. AH of Fig. 13 *, made uſe of to carry round the Screw and Axis 
ee | 


78. BEecavss a Screw, which greatly adds to the Force of the 

Power, by reaſon of its Shortneſs, raiſes the Weight but- to a 

ſmall Height; and the Axis in Peritrochio (for the Reaſons given 

46. in the Deſcription of it *) though it may raiſe the Weight to a 
very great Height, or from a great Depth, does not much increaſe 

the Force of the Power; the Combination of theſe two Machines 

preſerves the Advantages of each of them, and takes off their De- 

fects: And this is done by cauſing the Threads of the Screw CD 

to take hold of the oblique or ſkew Teeth of the Wheel as c, and 

by continually turning the Wheel round to draw up a great Weight 

as W by means of the Rope which is wound on the Axis EF. 

b | If on the Axis E F another Screw be added, as at G H, to turn 3 
-Þ ſecond Wheel L, whoſe Axis M being of ſufficient Length receives 
4 the Rope N inſtead of the Axis K O, a much greater Weight may 
= be raiſed; or an Engine of vaſt Force may be made for boring 
1 hard Metals by means of cutting Inſtruments fixed on the End of 
| the Axis M, or performing Operations where much Strength 1s 

| 


required. 


79. A Crane is an Inſtrument of ſuch general Uſe, that we can- 
not avoid giving its Deſcription here. It is of two Kinds: in the 
firſt, only the Gibbet moves upon its Axis, and in the ſecond Kind 
called the Rat-tailed Crane, the whole Crane, with its Load, turns 
upon a ſtrong Axis. 5 

80. THF 
| * 
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| | 4 5 3 755 55 Lect. III. 
80. Tnx firſt fort of Crane is repreſented by the 1ſt Fig. or 
Plate 12. * ſeen in Profil. L BED is a Section of that Part of a? Plate 12. 
Wharf on which it is fixed, LB being the horizontal Line. A CF. . 
| js a ſtrong horizontal Piece of Timber making the upper Part of | 
the Crane, into which are framed the three upright Pieces X, V, Z, 

(of which, the laſt called the main Piece, is ſtronger than the 
others) with its Cill TE, and its Braces HI and * E longer and 
ſtronger than the Braces and Cills MN and DS of the other two 
upright Pieces, and pinned with Iron where the others are only 
pinaed with Wood, When the Wharf is not of Stone-Work 
where the Crane is fixed (as is here repreſented) the three Cills 
muſt be all in one Piece, reaching from D to E. Four Braces, 
ſuch as K, join the Upright to the horizontal Pieces. To the 
abovementioned horizontal Piece is faſtened with ſtrong Iron Pins,. 
2 ſhort Piece P P, having a Bell-metal Collar to receive the Iron 
Pevet or Axis of the upright Shaft RF, which is an Axis in Pe- 
ritrochto, whoſe lower End of the Axis is alſo of Iron, turning in 
another Bell-metal Collar let into the firm Piece of Wood F. The 
Axis 1 Peritrochio, inſtead of a Wheel, has four Bars e, f, d, and 
another behind d, going through its thicker Part, which is eight 
\ fquare, the upper Part being round to receive the Rope. When. 
{ this Piece is hooped with Iron above and below d, it is beſt. to uſe 
but two Bars inftead of four, puſhing them quite through, as e; 
and Men at each end of them go round in the Direction 54 Oe, 
to wind up the Rope and raiſe the Weight at the End of it. This 
upright. wooden Axle, with its Bars, is called the Capſtane of the 
Crane (every ſuch Axle being called a Capſtane when it turns in 
2 perpendicular Situation, like that of the Capſtanes in Ships, and 
a Windleſs when it runs in an horizontal Poſition, though it ſhould 
be for the ſame Purpoſes as the other) and the Rope Rr, which 
goes firſt over the Pulley or Roller T, then between the Pulleys 
P and Q; and laſtly over the Pulley r, has at its Ends a. double- 
Iron-Hook, called a Ram's-Head, to which the Goods to be 
craned up are faſtened. The Gibbet G VB is moveable upon its. 
Axis CB, by means of the Iron Center-Pins or Pevets at its Ends 
Band C; fo that when the Weight is raiſed up ſufficiently high, 
by a ſmall Rope faſtened to it, or to the End of the Gibbet at g, 
may be eaſily brought from over the Ship or Barge, ſuppoſed on 
the Water at W, to a Cart, or any other Carriage on the Wharf 
| . | 1 to 
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8 Le. III. towards wW on the right or left of the Piece Z. There is a Roof 
4 —— or ſmall wooden Shed Aa Q to ſhelter the Rope from Rain, when 
Rl the Crane is not in uſe, the Gibbet being brought under it to- 


* 


Wards V. | 5; 1; 1 $6: 
* Plate 2. Tg ſecond Figure“ ſhews the Plane of the upper Part of the 
Fig 8 Crane, or as it would be ſeen from above, where we are to ob. 


ſerve the Poſition of the Pulleys P and Q» and of the Place of the 
Center of the Gibbet which muſt be at C, in a Line touching 
the Circumference of both the Pulleys; for if the faid Center of 
Motion of the Gibbet were in a Line with the Center of the Pul- 
leys, the Gibbet when loaded would require a Force to bring its 
End g over the Wharf on either Side; and that Force ceaſing to 
Ann. 15. act, the Weight and Gibbet would run back, and reſt over W. 
See this more particularly explained in the Notes, where the zd 
Figure, being Part of the Crane and various Situations of the Gib- 

Plate 12. bet and Rope drawn by a larger Scale, is conſidered *. 
18 3. THIS Crane is very expeditious with many Hands, it bein 
always requiſite that ſome ſhould ſtand at the Bars to- keep the 
Weight from running down again, which might be of dange- 
rous Conſequence. But if inſtead of the Capſtane at O, there 
was an Iron endleſs Screw, and horizontal Wheel and Axle (com- 
monly called a Worm and Wheel) fixed to the Piece X made 
very ſtrong for that Purpoſe, or a Machine in the manner of 
* Platett. Fig. 13. of Plate 11.* only with a Pinion inſtead of a Screw at 
"53 GH, making the Axis EF ſhort and the Axis M long, to re- 
ceive the Rope; then two Men, nay ſometimes one Man, may 
eaſily draw up Goods from a Barge ; becauſe by the Reſiſtance 
of the Screw againſt the Teeth of the Wheel the Machine will 
hold the Weight at any Height, whilſt the Man quits the Han- 
* Plate 12. dle to bring the Weight by the Guide-rope faſtened at g * over 
* a Cart on the Wharf to receive it; and yet the Weight will go 
| down gently of itſelf, if a Man with a ſudden Jerk ſets the Han- 
dles a going the contrary way to that whereby he raiſed the 
Weight, which is convenient for loading the Cart. N. B. Tit 
ſudden Impulſe on the Handles does to the Screw what a Blow dbes to 
Ne zy. the Wedge to ſet it a going *. As this laſt ſort of Crane with 4 
| Worm and Wheel does very much increaſe the Force of the Pow- 
er, 1 need not put the Reader in mind that more Time mult be 
- ſpent in raiſing the Weight; becauſe the Velocity of the Weight, 
compared with that of the Man's Hand who turns the 1 1 


\ } 
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muſt be diminiſhed in a reciprocal Proportion of the Intenſity of Lect. III. 
the Weight to the Intenſity of the Man's Force“: This being -——Y>— 
true in all compound as well as fimple Engines. 4s 2, 9, 12, 


81. Tur fourth Figure * repreſents the Rat e-tail Crane, not * Plate 12. x 


only uſeful on a Wharf to crane up heavy Goods, but alſo of Fig 4. 


great Service in Building to raiſe great Stones and bring them 
round to any deſigned Place. It eonſiſts of the following Parts. 
On the Croſs-ground Cills LLL LLL is ſupported and fixed 
by oblique Braces the ſtrong upright Piece K, called the Gudgeon 
of the Crane, on whoſe upper Part or Spindle 8, covered with 
Iron (and ſometimes made wholly of Iron) the whole Machine 
turns, being eaſily moved from C to G, when it is charged with 
its Load H. CA is the Counter-wheel with its Axis D B, bear- 
ing only on the Iron Ends of the ſaid Axis in two hanging per- 
pendicular Pieces at B and 4; FF is the Brace and Ladder, whoſe 
Top F carries the Pulley above the Weight, the other Pulleys be- 
ing in the Ends of the Pieces M, N, E; the remaining Parts are 
too plain in the Figure to need farther Explanation. The Power 
is ſometimes applied by means of a Rope on the outer Circum- 
ference of the Wheel A, but moſt commonly Men, or an Horſe, 
or an Aſs, turn the Wheel round by walking in it. Sometimes 
alſo Strength is gained by having the Counter-Wheel made with 


Teeth, and giving Motion to its Circumference by means of a Pi- 
nion. | 12 


82. Tur 5th Figure * repreſents a Jack, which is an Inſtru- : Plate 12. 
ment of common Uſe, for raiſing heavy Timber or very great big. 5- 
Weights of any kind ; but as the Wheel-work of it is ſhut' up 
in the ſtrong Piece of Timber CB, I thought it not improper to 
repreſent the Infide of it in Fig. 6. * where you muſt only ſup- Plate te. 
poſe the Rack AB at leaſt four times as long in proportion to 8 5 
the Wheel Q (the Figure of the Rack being here contracted for 
want of Room) and the Teeth, which will then be four times 
more in Number, to be contained. about three in an Inch. Then 
| the Handle be ſeven Inches long, five Turns of it, that is, five 

umes 22 Inches, or 110 Inches, will be the Velocity of the Pow- 
| ©; whilſt the Weight raiſed by the Claw A, or depreſſed by the. 
| Claw B, moves one. Inch: for as the Pinion has but four Leaves, 

nd the Wheel Q twenty Teeth, there muſt be five Revolutions: 
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Lecd. III. of the Handle fixed to it to tum the ſaid Wheel once round; 
— whoſe three-leaved Pinion R will in that Revolution juſt move 
| the Rack three Teeth, or one Inch. This might have been alſo 
known without ſeeing, or even knowing the Numbers of the 
Teeth of the Wheel and Pinions, by meaſuring a Revolution of the 
Handle in Fig. 5. and comparing the Space gone through by it | 
with the Space gone through by the End A or B. So in any other 
compound Engine, we may judge of its Force by comparing the 
| Velocity of the Part to which the Power is applied with the Velo- 
32, 7. City that moves the Weight, as has been before ſhewn*. Some- 
times this Machine is open behind from the Bottom almoſt up to 
the Wheel Q. to let the lower Claw (which in that Caſe is turned 
up as at B) draw = any Weight. When the Weight is drawn or 
puſhed ſufficiently high, it is kept from going back by hanging the 
| End of the Hook 8 fixed to a Staple over the curved Part of the 
ee 12. Handle at *. All the Work muſt be made very ſtrong in this Ma- 
85  chine, but chiefly thoſe Parts which immediately ſuſtain the Weight; 
| and this muſt alſo be obſerved in all other compound Engines. 


83. ALL the Mechanical Powers are united together in the 
* Platerz, Machine repreſented by the firſt Figure of Plate 13 *, which 
* reſembles our common Chimney-Jacks for roaſting Meat. In a 
Frame ABCD faftened by the Nut o upon the Stand o O, and 

held together by the Pillars VW and B, is adapted firſt the 

Piece EF, whoſe Fans or Flies may be put in motion by the 
Wind, or drawn by an Hair faſtened at F, which repreſents the 

Leaver and Balance: At right Angles to this Piece is joined the 
perpendicular Spindle G H, having upon it the endleſs Screw H, 

. which may be alſo confidered as a Wedge * This endlefs Screw | 
or Worm takes the ſkew Teeth of the Wheel K, which is the 

Axis in Peritrochio, and, in turning round, winds up the String 

LM upon its Axis, which paſſing round the Pulleys at M and 

N (or drawing by a Tachle of Five) raiſes the Weight P. But as 

the Screw has no progreſhive Motion on its Axis, it cannot here 

be ſaid to take in the inclined Plane; therefore to make this 

Engine take in all the mechanical Organs or Powers abovemen- 
tioned, we may add the inclined Plane 29 QR, by making If 

reſt on the Ground at QR, and on the Pillar 9 B at 9 and 

| thereby the Force of the Power drawing at F will be farther 

® 49, increaſed in the Ratio of QT to T S*. The whole Force 7 5 
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by this Machine is found by comparing the Space gone through Lect. III. 
by the Point F, with the Height that the Weight is raiſed in any 
determinate Number of Revolutions of F“. An hundred Pounds » zz, 47, 


7 


Weight at P will be eaſily raiſed by the Hair of a Man's Head 82. 
drawing. a xe LL TY W Ron 


$4. Ix the Machines above mentioned, both ſimple and com- 
pound, the Power according to its Intenſity is ſo applied to one 
part of the Machine, as immediately to act upon the Weight 
whoſe Reſiſtance deſtroys all the Force of the Power, when an 
Equilibrium is made by giving the Body moved and the Mover 
a Velocity reciprocally proportionable to their Intenſities; and 
when the Product of the Power into its Velocity exceeds that of 
the Weight into its Velocity, there is no more Momentum left to 
the Power, but ſo much as it has more than the Weight *. But 14. 
there are other mechanical Organs, in which the Force of the 
Power is accumulated, and, as it were, condenſed, before the Weight 
is ated upon at all; ſuch as an Hammer, the Cock of a Fire-lock 
which carries the Flint to. ſtrike upon the Steel, the Battering- 
Ram (already mentioned by the by in another Lecture) the Ram- 
mer to drive Piles into the Ground, the Fly applied to printing or 
making a Stamp on Medals or current Coin (curſorily taken notice 
of in this Lecture *) and the Pendulum; and in a word, whatever * 68. 
is made uſe of, to give a ſudden Blow, or ſtrong Impreſſion in- 
ſtantaneouſſy; which though all reducible to geometrical Cal- 
culation, whereby one may be certain of their Effects, yet cannot 
be explained from the Principles already given; and therefore the 
Conſideration of them muſt be deferred, till we have explained 
thoſe Laws of Motion on which they depend. In the mean time 
[ think it not improper to give Sir 1/aac Newton's Account of all 
the Mechanical Powers by one Scheme, as he has explained them 
min the ſecond Corollary to his Laws of Motion ; for though that. 
xplanation depends upon ſuch Laws as are to be hereafter con- 
idered, ſo much of them as is contained in his firſt Corollary be- 
ing taken for granted, will ſerve. our preſent Purpoſe. | 


8 bs. If upon a Body* at A two Forces att at once, who/e Intenſi- * Plate 13. 
1 are as the Length of the Lines AB and AC, and Directions in lig. 2. 
e Lines; the Body fo. acted upon. will deſeribe the Line & D, the: | 
pen o the Parellagram compleated by drawing the two Lim 
E. Ke; — . EE. | > Re 


* 
os * 
* 


* Plate 13. 
Fig. 3. 


Wheel : But the other Force DC, drawing 
_ perpendicularly will have the ſame Effect, as if it drew perpendi- 
- cularly the Radius OL equal to OD; that is, it will have the 
ſame Effect as the Weight P, if that Weight is to the Weight A as. 
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LeR. IH. CD and DB reſpectively equal and parallel to the two former; "TY 


that Diagonal will be deſcribed by the joint Forces in the fame Ting 


that either of the Forces fingly would have cauſed the Body to g 


through the Line A B or AC. And ai by Compoſition of Forces a 


Body will move in the Line AD; fo likewiſe a Body moving in the 


Line AD, though by the Action of one fingle Force, may be conſi- 


dered as if it bad been acted upon by two Forces, namely, reſolving 
the jingle Force into two, as A O Pdf. 


86. Ir the unequal Radi OM and ON drawn from the 
Center O of any Wheel ſhould ſuſtain the Weights A and P by 


the Cords M A and NP; and we would know the Forces of thofe 


Weights to move the Wheel: Through the Center O draw the 
right Line KOL, meeting the Cords perpendicularly in K and L; 
and from the Center O with O L, the greater of the Diſtances OK 
and OL, deſcribe a Circle, meeting the Cord MA in D; and draw- 
ing OD, make AC parallel, and DC 
it being indifferent whether the Points K, L, D, of the Cords be 
fixed to the Plane of the Wheel or not, the Weights will have 
the ſame Effect, whether they are ſuſpended from the Points K and 
L, or from D and L, Let the whole Force of' the Weight A be 
repreſented by the Line AD, and let it be refolyed into the Forces 
AC and CD; of which the Force AC, drawing the Radius 
OD direaly from the Center, will have no Effect to move the 
the Radins DO 


the Force DC is to the Force DA; that is, (becauſe of the ſimilar 
Triangles ADC, DOK) as OK to OD or OL. Therefore the 


Weights A and P, which are reciprocally as the Radius OK and OL 


that lie in the ſame Line, will be equipollent, and fo remain in A- 


 quihibrio, which is the well-known Property of the Balance, the 


Leaver, and the Wheel. If cither Weight is greater than in this 


Ratio, its Force to move the Wheel will be ſo much the _ 
If the Weight p equal to the Weight P, is partly ſuſpended by the 


is Fepreſented by the Line p H, it may be reſolved into the Forces 


Cord N p, partly ſuſtained by the oblique Plane p G; draw y H. 
NH, the n bak perpendicular to the Horizon, the latter to the 
Plane p G; and if the Force of the Weight p tending downwards 


perpendicular thereto. Now, 
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N, HN. If chere was _ Plane perpendicular to the Cord y N, Lect. III. 


cutting the other Plane 5 a | 
and the Weight p was ſupported only by thoſe Planes p Q, p; 
it would preſs thoſe Planes perpendicularly with the Forces þ N, 
HN; to wit, the FOES Q with the Force p N, and the Plane 
| þG with the Force H N. And therefore if the Plane p Q was 

taken away, ſo that the Weight might ſtretch the Cord, becauſe the 


Cord now ſuſtaining: the Weight, ſupplies the Place of the Plane 


that was removed, the Force of that Weight will be obtained by 
confidering it as the fame Force p N which preſſed upon the Plane 
beforer Therefore the Tenſion gf this obiique Cord N will be to 
that of the other perpendicular Cord pH as pN to pH. And there- 
fore if the Weight 5 is to the Weight A in a Ratio compounded of 
the reciprocal Ratio of the leaſt Diſtances of the Cords p N, AM, 
from the Center of the Wheel, and of the direct Ratio of p H to 


DN; the Weights will have the ſame Effect towards moving the 


in a Line parallel to the Horizon ; WY — 


Wheel, and will therefore fuſtain each other, as any one may find 


. 


by E To TT 

Bur the Weight p preſſing upon thoſe two oblique Planes, may 
be confidered as a Wedge between the two internal Surfaces of a 
Body ſplit by it; and hence the Forces of the Wedge and the Mal- 
let may be determined: for becauſe the Force with which the Weight 
b preſſes the Plane Q. is to the Force with which the ſame, 


whether by its own Gravity, or by the Blow-of a Mallet, is im- 


pelled in the Direction of the Line p H towards both the Planes, 
28 N to H; and to the Force with which it preſſes the other Plane 
G, as pN to NH. And thus the Force of the Screw may be 


deduced from the like Reſolution of Forces; it being no other than 


Wedge impelled by the Force of a Leaver. Therefore the Uſe af 
this Corollary ſpreads far and wide, and by that diffuſive Extent the 
Truth is farther confirmed. For on what has been ſaid depends the 
hole Doctrine of Mechanics, variouſly demonſtrated by Authors. 
For from hence are eaſily deduced the Forces of Machines, which 
are compounded of Wheels, Pulleys, Leavers, Cords and Weights 
aſcending directly or obliquely, and other mechanical Powers; as 
aſo the Force of the Tendons to move the Bones of Animals. * 


End of the TuikRD LECTURE. 
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ANNOTATIONS upon the Third LeeTure. 


1. [t. Simple Machines, or Organs, call'd by ſome Mechanical Faculties, 
„% GU1LA 3% oh ehe F N Kia VT SE bt 5 
HE Word Power here is to be taken in a very different Senſe. 
from what it bears in the Second Lecture, where the Word 
Power * (ſignifying whatſoever is made uſe of to raiſe a Weight) 
is defined at large; for here it only ſignifies the Organ of Tau 
ment, whereby a Power of known Intenſity is made to act upon a Weight : 
and therefore we muſt take care not to attribute any roll Force to any 
ſimple or compound Machines, as a great many People are apt to do merely 
becauſe the Name Power has been given to Mechanical Organs, not from 
their Effect, but from the Effect which the Power produces by their Means. 
For how much ſoever the Force of a Power is thereby increaſed in order 
to ſuſtain or raiſe a Weight far ſuperior to it in Intenſity; yet this cannot 
be done without loſing in Space and Time what is gained in Force; con- 
trary to what ſome have vainly imagined, becauſe the Vulgar commonly 
ſpeak of a Machine as they do of an Animal, and attribute that Effect to 
the Machine, which is the Effect of the Power by Means of the Machine, 
as it is uſual to ſay, Such a Machine raiſes ſuch a Quantity of Water, or per- 
forms ſuch and ſuch Murk; when we ſhould ſay, if we would ſpeak in the 
proper and philoſophical Senſe, Such. a running Stream, ſuch a Fall of Ha- 
ter, the Wind, or ſo many Men, "Horſes, or Oxen, &. raiſe Jo much Maler 
in ſuch a Time, &c. by ſuch or ſuch & Machine; as we have obſerved in the 
Notes of the laſt Lecture v. It were therefore to be wiſhed, that the Word 
Power were confined to its proper Senſe, and not uſed to ſignify a Mecha- 
nical Organ; but as it has een to uſe it in that Senſe, 1 thought 
proper to make uſe of it; but withal to give this Caution. 


2. [ 3,—— Reducing all the Mechanical Powers to the Leaver, or explaming 


all tbeir Operatious by that of, & c.] Though one may eaſily ſhew (as we 
ſhall at the End of this Note) that every other Mechanical Organ does 
potentially contain a Leaver; that is, that if ſo much of every other 2 
ple Engine was cut away as. to leave only a Leaver, the ſame ge: 


+ 


10 


— 
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Proportion between the Velocities of the Power and Weight and their In- Annotat, 
tenſities; would as Pug appear on ſuch a Leaver as on the Engine, be- Lect. III. 
fore it is reduced to it: Yet we are not from thence to conclude, that tber 
| eaver alone might be made to ſerve for the Purpoſes of all other Mech 
nical Organs; for they are contrived of different Forms to anſwer to dif- 
ferent Ways of working, required in Mechanical Operations for the Uſes 
of Life, it being ſometimes impoſſible to uſe one Mechanical Organ inſtead 
+ of another; and always more convenient to apply one than another, the 
Choice of which depends upon the Skill of the Artiſt, | 8 
Thus in the Balance (whether a Pair of Scales or a Steel- yard) the Com- 
modity to be bought, or heavy Body whoſe Quantity of Matter is to be eſti- 
mated, is not to be raiſed with any Velocity, but only ſuppoſed to make an 
Aguilibrium with a known Weight, which in this Machine ſerves for a 
Power: But a Weight is ſeldom or never made uſe of as a Power in any 
other Mechanical Organs, except in ſome few, and thoſe Engines which 
the Ancients made uſe of in War, which are now out of Uſe. | 
The Force of one or more Men is the Power applied to the Leaver; there 
the Power muſt always overcome the Weight, by adding a little more Ve- 
locity or a little more Intenſity to the Power, over and above the recipro- 
cal Proportion required in the Balance. With this Inſtrument heavy Bo- 
dies are removed a little way at a time, as great Stones in Building, large 
wooden, leaden, or iron Pipes in Water-works, and large Pieces of Tim-. 
ber; but Leavers will only ſerve to raiſe thoſe Bodies high enough to lay 
them on a Carriage, Se. FF 9 | 
Burt if we would raiſe up a Stone to a conſiderable Height to lay ir in 
its proper Place in a Building, or any other Body to any Height above 
three or four Foot, the Leaver becomes ineffectual, and then we muſt uſe 
Pulleys in ſome of the Ways mentioned in this Lecture“. Tackles of Pul- * 37, 38, 30, 
leys are very convenient where there is no room for a Capſtane, and where 40, 4. 


Bodies- are to be raiſed in different Places, becauſe they are eaſily moveable ; 
but the Weight muſt not be too great, by reaſon that many Men cannot 
pull at once, and equally, by one running Rope; and if the Power was to 
be very much increaſed by the Number of Sheevers or Wheels in the Pul- 
leys or Tackles, the Rope muſt be of a prodigious, and therefore inconve- 
nient Length, in T2 | | 1 
An Axis in Peritrochio, Capſtane or Windleſs, which are all the ſame 
Organ differently poſited, is of uſe where Pulleys are deficient. For ex- 
ample, if Water is to be drawn out of a deep Well, a Wheel with Arms 
or Spokes ſerves to turn the Axle on which the Rope winds to bring up the 
Bucket or Buckets. In Building, a Capſtane whoſe Make gives the 
Power no more Advantage than a Tackle or Pulley of many Shsevers, is 
yet more uſeful, becauſe it will admit of eight, ten, or twelve Men to work 
a1, and puſh. its Bars, when only three or four could pull at the running 
Rope of the Pulley. If the four Bars of the Capſtane are ſo long, that # 
three Men applying their Strength to each of them, the Man in the ; s 
middle of the three is at the Diſtance of three Foot from the er of 
otion, 
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Motion, and the Axle on which the Rope winds is of ſix Inches and 4 half 
Diameter, thoſe twelve Men will do the Work of 72, but in ſix times more 
Time. The ſame would be done, and in the ſame Time, by two Men 
walking in a vertical Wheel of 24 Foot in Diameter (ſuch as is called by 
ſome a Counter-Wheel) whoſe horizontal Axle might be of eight Inches 


Diameter; and about the Weight of one Ton and a half, or two Tons, 


might thus be raiſed by either of theſe Machines. But if at a Wharf, 


where only two Men ſhould be employed to work at the Crane, it was 
required to draw up heayy Blocks of Marble of three or four times the 


Weight above mentioned, (for a Block of Marble fix Foot long, four 
Foot wide, and four Foot deep, will weigh between ſeven and eight Ton) 
the Counter-W heel muſt be 72 Foot in Diameter for an Axle of eight Inches, 
which is impracticable, on account of the Bulk and Coſt ; or the Axle myft 
be made three times leſs in Diameter, and then it cannot be ſtrong enough 
to bear the Weight. In ſuch a Caſe therefore there muſt be a compound 
Axis in Peritrochio, ſuch as is deſcribed in this Lecture “, but with one 
more Pinion: for Example, if an iron Wheel with 'Teeth of four Foot in 
Diameter be fixed to the above-mentioned Axis of eight Inches Diameter, 
and that Wheel be led by an iron Pinion of fix Inches Diameter, whoſe 


Wheel is of three Foot Diameter, and led by a Pinion of eight Inches Dia-. 


meter, whoſe Handles are a Foot long, the ſame Operation will be per- 
formed by two Men, but they muſt employ three times more Time. 
N. B. If the Teeth of the Wheel be of Braſs, and the Teeth or Leaves of the 


Pinions of Iron, the Machine will move more ſmoothly, and the Teeth wear 


equally. 


The Numbers of Teeth in the Wheels and Pinions may be as follows; 


The firſt Pinion, to which the Handles are fixed, 28. 
T he firſt Wheel, led by the ſaid Pinion, 112. 
Tbe ſecond Pinion, 19. | 

The ſecond Wheel, 171. LY 
Lind the Axis on which the Rope winds muſt be of about eight Inches, be- 
cauſe it immediately bears the Weight by the Rope, which runs over 
ſome upper Pulleys or Rollers that add no Force to the Power. 


0 


If the Capſtane with Bars above-mentioned be fixed to do the Work for | 


' which it is proper, and unexpectedly there ſhould be occaſion to lift very 


heavy Weights, there is no Neceſſity for taking it down, to ſet up ſuch 


a Combination of Wheel-work as we have juſt deſcribed, becauſe a Pair of 


Blocks to help at ſuch a time may be fixed in any Part of the Building 
over the Place where the Weight is to come up and receive the Rope from 
the Capſtane, ſo as to. increaſe the Force of the Power, according as the 


Blocks are a Tackle of Two, of Three, of Four, or Five, &c. and then the 


Bloeks may be taken off again, and the Capſtane worked as before. In 
the Uſe of the Counter-Wheel or Rat's-Tail Crane * the Power may be 
alſo thus occaſionally increaſed. | { 257005 3114, 10 WR 
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Where there is no Room for the compound Axis in Peritrochio of two Annotat. 
large Wheels and Pini6ns, the ſame may be effected by making a Worm- Lect. III. 
ſcrew of one Thread turned by two Handles of a Foot long each, to lead Ge 
a Wheel of two Foot Diameter, having 72 Skew-Teeth, and a wooden | 
Barrel or Axle of 8 Inches Diameter, the Advantage of which Machine is 
ſhewn in this Lecture“. | 85 „ 

If Hogſheads or Pipes of Wine, or other Liquors, are to be let down 
into a Cellar, or brought up out of it, a Plank is laid along the Stairs, 
which in that Caſe is an inclined Plane, the only mechanical Organ fit for 
that Purpoſe : So likewiſe in making Reſervoirs for Water, in Gardening. 
and in building Fortifications, where Carts cannot come; inclined Planes 
made of Wood ſerve effectually for Wheel · barrows to run on in removing 
the Earth from a lower to an higher Place. 

In — Wood, the Wedge only is of Uſe ; for an Hatchet, which 
may cleave ſmall Wood, is only a Wedge with an Handle. Another con- 
| fiderable Uſe of a Wedge, is the raiſing up a Beam to underprop it when a 
| Floor begins to give way, by reaſon of too great a Burthen laid upon it, 
as in a Warehouſe z and ſo much Force may be applied this way, that 
ſome thouſand Tons may be raiſed up together with the Floor, and all 
ſecured by means of this ſmall Machine. For though Screws turned by long 
Leavers might ſerve in a great meaſure for the ſame Purpoſe ; there muſt 
be Space to go round with the Hand-ſpikes, which cannot be had when the 
lower Part of the Warehouſe is full of Goods, without removing them 
vith great Trouble and Coſt. See the manner of performing this in the 
4th Figure of Plate 13. . a, 1 

BAD EC is a Beam, which in the horizontal Situation, marked by Plate 13. 
the pricked Lines B& and C P, ſupports a Floor. Now when very great Fig. + 
Weights being laid upon the ſaid Floor, make it give way and bend into 
the Curve B A 6, or, which is the ſame, C E D, an upright Poſt Pp is fra- 
I med into a ſtout Plank F F, and an horizontal Piece E (here ſeen end-ways) 

is flipped under the Beam, and on the Top of the Poſt; then the two wooden 
Wedges W, wo, as broad as the Poſt, are driven in with heavy Hammers, 
in ſtriking at once in contrary Directions, ſo as to ſet the Beam ſtreight, 
and reduce the Floor to its place, without removing any of the Goods that 
le on the ſaid Floor, or moving any of thoſe below, but juſt to make room 
for the Poſt and' Plank. ” 3 | 

The Uſes of the Screw for raiſing, ſinking, drawing, puſhing, preſſing, 
or joining together Bodies, are commonly known; and it is evident by In- 
ſpection, that no other of the mechanical Organs will anſwer the ſame Pur- 


* No. 79. 81. 


poſes. . . 
New we will ſhew how all the mechanical Organs or Inſtruments may be re- 
duced to the Leaver. . | 3 


This has been already ſhewn concerning the Reman Balance (and is ap- 
plicable to the common Pair of Scales) by the 6th Experiment of this . 


dure = | No 


3 
: Secondly, Fit, 
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 Annotat. ., Secondly, Pulleys are thus reduced to the Leayer *. An upper Pulley a 


Lect. III. ED (Plate 10. Fig. 3.) appears plainly. to be a Beaver of the firſt King, 


* 


S by cutting away all the Sheever, except the pricked Line ED, which about 
Se ; = the Center C keeps in Aquilibrio two equal Weights... In the 4th Fignr: + 


+ Plate 10. the lower Pulley ge, by leaving only the pricked Line g e, and Center. Pin 
Fig. 4. c, appears to be a Leaver of the ſecond Kind, whereby a Power applied at 
g, does in the Direction g d raiſe a Weight W ſuſpended at the Ceoter-Pin 
c. It is here evident, that e is the fixed Point or Fulcrum of the Leaver, 
ge the Diſtance of the Power, and ce the Diſtance of the Weight; and ac- 
| | cordingly, in the Experiment, the Power P: is to the Weight W:: as ce: to 
Pl. 9. Fig. 14. C e:: 1:2. And by comparing the compounded Leavers of Plate 9. Fip.y, 
PI. 10. Fig. 9. with the Syſtem of Pulleys of Plate 10. Fig. g. one may ſee that the four 
Pulleys reduced to their horizontal Diameters, act upon one another as fout 
Leavers of the ſecond Kind, in every one of which the Diſtance of the 
Power is Two, and that of the Weight is One, and therefore the Ratio 
Ne. 32. compounded of them all“, is that of the Weight to the Power, or 16 to 1; 
for 2x2x2x2:316.... Or comparing this Syſtem of lower Pulleys with Eg. ;. 
Plat? 13, which is juſt ſuch a Syſtem or Aſſemblage of Leavers of the ſe- 
cond Kind, where the Leavers are marked with the ſame Letters, as yell 
Pl. 13. F. 5. as the Forces pulling down each Leaver ® 
One may, by the 11th Figure of Plate 10, eaſily reduce an Axis in Ptri- 
trochio to a Leaver of the firſt Kind, repreſented by the pricked Line ET; 
the fixed Point being at K, the Power being applied at E, and different 
Weights ſucceſſively at the Points A, B and T, cutting away the reſt of 
the Machine. But as the Rope ſuſtaining the Weight does not move in 
the ſame Plane as the Rope drawn by the Power, it is better to conſider it 
: as a Leaver of the firſt Kind twice bended, and an Axis of Motion going 
* Plate 13. through one of the bended Parts, as in the 6th Figure, where the bended 
Fig. 6. Leaver AC c B moves on the Axis II, fixed in the Frame IK LI. B. 
. repreſents the Radius of the Axle, and A C the Radius of the Wheel, ſup- 
poſing Bc and AC in the ſame Plane, and at right Angles to the Aris; 
otherwiſe, if oblique, they muſt be reduced to right ones, by calling the 
Lengths only the perpendicular Diſtances of. B . A from the Axis II: 
Then b being the Power, and W che Weight, the reciprocal Proportion 
Will be thus, Age:: W F. 1 | 


To reduce the inclined Plane to a Leaver, we muſt look for a bended 
| Leaver in the Weight rolling up the Plane, whoſe. Arms ſhall be as thc 
Leogth of the. Plane to. its f oi; | 
Plate o. Since the Triangle ABC * is fimilar to w YB (by 4. 6. Eucl.) and | 
Fig. 14 w Y B ſimilar to W BN (by 8. 6.) in the bended Leaver w BN, u. 
| BN::AB: BC. Now, ſince N is the Line of Direction of the Weight 
w, that Weight may be conſidered as preſſing on NB the ſhort Arm of 
the Leaver at the Point N, the Center of Motion being at B, where the 
ſpherical Weight touches the Plane, and the Power applied at right Angles 
at the End w of w B the longer Arm of the Leaver ; therefore, calling! 
the Power, and w the Weight, P: w:: NB: Bw:: AB: BC. N.B 
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N. B. Here the Power by a Rope over the Pulley M, draws in a Direction Annotat. 
parallel to the Plane; but if it drew in any other Direction, one might Lect. III. 

calculate the oblique Force of the Power by means F a bended Leader 
But wwe muſt refer this to our particular Obſervation of the inclined Plane, 
and ſtatical Conſiderations, in other Notes; except the Direction parallel 
to the Baſe, which reduces the Wedge to the Leaver. 5 
Now the Triangle A B C muſt repreſent the Wedge, which being driven 


under the Weight, makes it riſe up the perpendicular Height C B, while 
| the Power drives the Wedge the Length of its Baſe A C, or, which is the 


ſame Thing, the Power II draws in the Line wr parallel to the Baſe A C. | 
Ped Leaver is OBN, with the ſhort Arm N B ſupporting 
the Weight at N, while the Power faſtened to O draws the Arm O at 
right Angles. RE, | 
Authors have ſhewn other Ways of reducing the Wedge to a Leaver : 


For Example, the Wedge BF C * of Plate 13. Fig. 7. is conſidered as a * Plate 13. 


Leaver of the ſecond Kind, whole Fulcrum is at FE, and the Weight at Fig. 7. 
W; which moving round the Center of Motion F, by a Power carried on 

at the End of the Leaver from A to L, raifes up the Weight W. Or 

elſe, the Leaver being kept by the Prop B, ſo as always to make the 

ſame Angle with the Horizon, is carried on from the Poſition CF B into 

the Poſition c f , the Fulcrum advancing forwards along with it to raiſe 


| the Weight to w, In the $th Figure“, where two Bodies are ſeparated to - Plate 13. 


repreſent the cleaving of Wood, the Wedge is reduced to two Leavers Fig. 8. 
of the firſt Kind, having the Fulcra at F, , the Weights at W, wo, and 


| the Powers at L, J. Orin the gth Figure , two Leavers of the ſecond 4 Plate 13. 


Kind are ſuppoſed to be very thin, and thruſt in between the two Weights, Fig. 9. 
0 as to preſs againſt each other's Ends, and make a common Fulcrum at 


F, the Powers moving from L, I, to @ and b, while the Weights W, wv, 


are ſeparated : or elſe (what comes to the ſame thing) the ſaid two Lea- 

vers being joined in a fixed Angle by the Prop L, I, (Fig. 10*.) are conſidered * Plate 13. 

as thruſt in between the Weights, while the common Fulcrum advances Fig. 10. 

in the Line FG. But becauſe in all theſe Ways of explaining, the Di- 

which is not true in the Wedge; I would rather propoſe another Method, 

which will agree with the Caſe of the ſingle Wedge or double Wedge (diſ- 

unguiſhed thus, as the Inſtrument acts with one or both Surfaces ®) always * Ne. gs, 56. 

making the Diſtance of the Power and Weight to keep the Proportion 

2greeable to the Angle of the Wedge. As for Example, in the Wedge 

LEW, Fig. 11, * LFW is a bended Leaver, whoſe ſhort Brachium * Plate 13. 

aways remaining the ſame, lifts up the Weight «, and brings it to uy, Fig. 11. 

whilſt the Leaver turns round the Center F, the Power at L. defcribing the 

Arc L !: So in the double Wedge Fig. 12. * two bended Leavers, moving * Plate 13. 

round the Center F, by their ſhort Arms FW, F , ſeparate the Weights Fig. 12. 

W. ww; and when they have brought them round to X and x, the 1255 

"us L 2 F turning round F in the Arcs LM, I M, one may fee that 
901. . . 1 e the 
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Annotat. the ſame thing is performed as if the whole Wedge F M had been driven 
Lect. II. between them in the Direction N M. = 5 
—— ſ— Having ſhewn that the Screw acts either as an inclined Plane, or as a 


Wedge, it is evident that what has juſt been ſaid reduces it to a Leaver. 


3. [— The Quantity of Friction in Engines will be conſidered, &c.] That 
there is a Loſs. of Force in the working of Engines on account of the 
Rubbing or Friction of their Parts, has been obſerved by moſt Writers of 
Mechanics; but that Friction has not been enough conſidered by them: 
Upon which account, ſeveral Perſons (who having applied themſelves to the 
Study of Mechanics, are not yet much acquainted with the Practice) imagine 
by comparing the Effects which are performed by means of ſuch Engines as 
they examine with the Powers applied to them, that the Machine muſt be 
very ill contriv'd, becauſe the Effect does ſo much differ from the Calcula- 
tion which they make excluſive of Friction; ſuppoſing indeed, that ſome. 
thing is to be allowed on that account, but nothing near what they find 
to be loſt in Force. Poſſeſſed with this Notion, Projectors contrive new 
Machines (new to them, though perhaps deſcribed in old Books, formerly 
practiſed and then diſuſed and forgot) which they ſuppoſe will perform 

much more than they have ſeen done with the fame Power ; becauſe they 
allow too little for Friction. Full of this they go to the Charge of 70 or 
80 J. for a Patent for their new Invention; then divide it into Shares, and 
draw in Perſons more ignorant than themſelves to contribute towards this 
(ſuppoſed advantageous) Undertaking ; till, after a great deal of Time 
and Money waſted, they find their own Engine worſe than others which 
they hoped by many degrees to excel. This has been very much the 
Practice for theſe laſt twenty Years : For though ſome Projectors have been 
altogether Knaves, yet the greateſt Part have firſt deceived themſelves; 
and thoſe who are really deceived, by their Eagerneſs and Earneſtneſs moſt 
| eaſily deceive and draw in others. For this Reaſon, I thought it would be of 
Uſe to the Publick, to give as full an Account of Friction, as I poſlibly 
could gather from the Experiments made by others (eſpecially the Members 
of the Royal Academy at Paris) and my own Experiments and Obſerva- 
tions. | 
We ſhall not here conſider, that Friction or rather Reſiſtance which a- 
riſes from an ill Contrivance of the Parts of an Engine which are to att 
upon one another by Application; making thoſe Parts act obliquely which 
ought to act at right Angles, or at leaſt more obliquely than they ſhould 
do; that being owing to an incomplete Theory or a bad Workman. But 
only that Friction, which is unavoidable from the Nature of the Materials, 
however poliſhed, at the firſt making uſe of an Engine; and that which 
Time brings on, as the Parts wear unequally, or grow ruſty or rotten for r 
of Oil, Greaſe, or by conſtant Uſe : So that the touching Surfaces, whic 
were as ſmooth as the Hand of a ſkilful Workman could make them, be- 
| come very rough and uneven by this means, and add much Friction to 
\ - which, on account of the Nature of the Materials, could not be av0i 5 


— 
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at firſt. So an old Jack for roaſting Meat requ,res more Weight to make Annotat. 
ir go when the Pivors and their Holes are pretty much worn; and a well Lect. III. 
made Lock grown ruſty for want of Oil to guard it from the Action of www 
the acid Salts in the Air will not without Difficulty be opened with a ruſty 
Key; though the Figure both of the Lock and Key be as perfect as at firſt. 
Wood will grow rotten, and ſwell beyond, or ſhrink from its firſt Dimen- 
ſions by the Weather; and Cords run round Pulleys, or wind about Rol- 
lers with more Difficulty according as they ſtiffen by wet, or any way be- 
come more twiſted. | "1 

Yo proceed methodically, we will conſider the unavoidable Friction of the ſim- 
ple Machines or mechanical Organs ſeverally. "wo | 

The Leaver, in reſpec to the Work done with it, is ſubject to very lit- 
tle Friction, moving on a ſmall Surface croſſing the Inſtrument like a Line 
where it is applied to the Prop or Axis of Motion; which in Theory is con- 
ſidered only as a Point, and called the Center of Motion. | | 
When the Balance (whoſe Make is neareſt to that of the Leaver) has no 
| more Friction in Proportion to its Length than the Leaver; yet it has a 
great deal too much for a nice Balance, as may be found by Experience: 
Few of the Scalemakers know wherein the Nicety of a Balance conſiſts; 
but generally follow a Faſhion, or, when they would excel, endeavour to 
out-do one another in Ornaments or a fine Poliſh, conſulting Beauty more 
than Uſe; and thinking the Buſineſs is done if they have brought the Ba- 
lance to turn with a ſmall Part of a Grain. 5 

For the Benefit of thoſe who would make, and thoſe who would uſe 
very exact Scales, I ſhall here mention the Faults I have found in Scales 
eſteemed extraordinary good ones; and ſhew in what Manner I think ſuch 
Faults may be avoided ; as alſo the utmoſt that may be expected from a 
well-made Balance, 1 85 . 5 1 

Mr. George Grabam and I, laſt Summer, in order to try ſome Experiments 
with Brigadier Armſtrong, Surveyor of his Majeſty's Ordnance, examined 
a Pair of Scales made by a very nice Workman, and kept in a Glaſs Caſe, 
that the Air might have no Power over them. Theſe Scales were thought 
extremely nice, becauſe they turned with the 256th part of a Grain; but 
upon Examination they appeared to differ from that Nicety, ſometimes three 
of the Parts above-mentioned, which made us imagine one Brachium longer 
than the other; but at laſt we found that this Difference was owing to 
the Situation of the Axis of Motion; for if in the Circle A 4 BV, (on * Plate 13. 
the lower Part of which the Axis or ſharp Edge of C ought to bear at A) Fig. 13. 
the ſaid Edge ſhould not reſt at'A, but at @ or B, the Brachium on the 
other Side of A will preponderate ; which it did in our Trials, ſo as to 
make a Difference three Times greater than what turned the Balance in its 
true Situation, Now ſince the Friction increaſes in Proportion to the 
Weights bearing on the Axis of Motion, (as we ſhall hereafter ſhew) 
this Error will increaſe in the ſame Manner and become conſiderable, as 
heavier Bodies are weighed ; ſo that when we think we have an AEquili- 
irium, by only lifting up the Beam E L. with the Weight hanging — = | 
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Annctat. Ends in the Scale, we ſhall upon letting it down again find the Æguilihriun 
Lect. III. to be loſt; fo difficult it is to lay the Edge or Axis of Motion upon the 
* ſame Place which it had before, or to give it a true Bearing at firſt over 
3 the lower Part of the Ring at A. There is alſo 3 which 
Scale-makers are ſometimes guilty of, which is, not to make the Brachig 
nicely of a Length; and then to hide that Error, they adjult the Balance 
by filing away ſome of the Thickneſs of the longeſt Part of the Beam, and 
ſometimes by the Scales. Others again, by making Ornaments. in a nice 
Balance weaken a flender Beam juſt under the Axis, where it, ought to be 


To make a very exact Pair of Scales, the following Directions ſhould be 
obſerved. | . | oy 


1. The Axis C muſt be made of e hardened and well poliſhed, 
but the Edge of it muſt not be fo:ſharp as to cut. 

2. The two Rings on which the Axis is to bear, ſuch as A a, B 5, muſt 
alſo be of hard Steel and well poliſhed, but the lower Part of them ſhould 
be the narrow End of an Oval, the Hole being of the Figure K. The 
Planes of theſe, Rings with the Pieces that carry them (here repreſented 
by m n as broken, with the Examen o between them alſo broken) muſt be 
exactly parallel to one another, and one and the ſame Line muſt be their 
common Axis. r AS ot TE 

N. B. If theſe Rings were made of Agate, or any harder Stone well poliſbed, 
they would do better than Steel, 1 5 

3. The Points of Suſpenſion of the Scales, ſuch as 8, muſt be exact) 
1 from C the Middle of the Beam, and the lower Part of the 

ole S, mult be a ſharp Edge of hard and poliſhed Steel. 

4. Each Scale being fitted with its Hook and Strings, mult be weighed 
ſingly in another Pair of Scales, obſerving to weigh each of them in the 
fame Scale againſt the ſame Counterpoiſe in the other Scale, without ſha- 

king the Beam to alter the Poſition of the Axis in the Manner above- 
mentioned, 5 5 . TY 55 

5. When the Beam being ſuſpended, does by its Examen (that is, the 
flender perpendicular Piece over the Axis} appear to have its two Bracbia 
exactly in ÆAguilibrio; to try whether the Points of Suſpenſion are exact) 
equidiſtant from the Axis at A, hang on the Scales (prepared as before 
directed) and if they are i» Agquilibrio, and continue ſo upon changing them 

| 4 ea another, then you may be ſure that both Scales and Beam are nell 
Juſted. 35 i 5 3 1 

6. But if by the preponderating of one Scale, the Beam appears to be 
unequally divided; then with a Pair of Pliers bend the Part L of tc 
Hook, in order: to bring-S nearer to, or to remove it farther from tie 
Point A, and if that alters the Apuilibrium of the Beam without ths 
Scales, hang a Thread or ſome ſmall Weight on that End of the ar. 
which has been made ſhorter, to reſtore that Agulibrium; then try . ; 

1 the Scale, and if the Aguililrium continues, file off ſo much of the bens 
Wuckium, as the Weight of the Thread amounts to. If the Bean |. | 
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made of Steel, after the Hook L. 8 has been hardened, one muſt with a Annorar, 


Blow-Pipe bring down the Temper of the Part L, that it may be ſoft 
enough to bend without breaking. 1 n | 
7. The Points of Suſpenſion for the Scales, as S, muſt be in the ſame 


horizontal Line as the Axis A, the Scales muſt hang very freely on their 


Hooks, and the Center of Gravity of the Beam mult be a very little un- 
der A | 
8. 


When the Beam of a Pair of Scales weighs from three or four Oun- 
ces to about one or two Pounds, ſometimes the Points of Suſpenſion of 


the Scales are ſhut up within Boxes at the Ends of the Beam ſuch as B *, Plate 13. 
through which a ſquare Piece of Steel C paſſes, whoſe upper Part in the Fig 14. 


Middle has an Edge like the Axis of the Beam, but only with the Edge 


upwards, to ſuſtain the Eye E e, and the Hook of the Scale C c+;, repre- + plate 13, 
ſents one of thoſe Pieces out of the Box, and its middle Section is marked Fig. 15. 
D, whoſe upper Edge ſupports the Eye Ee. In order to adjuſt ſuch a Ba- Plate 13. 
lance nicely (all other things being fixed as before-mentioned) there ſhould Fig. 16. 
be a long Hole like H, tor the ſuſpending Pieces as Cc, to be moved Þ Plate 13. 
in, ſo as to be brought. nearer to, or farther from the Axis.of the Balance, Fig 17. 


by means of a Screw-Pin P; that when they come to be exactly equidiſtant 
from the ſaid Axis, (which can only be known by hanging on Scales 
or Weights exactly equal, having due ng to the Effect of Pins length- 
ned or ſhortned without the Box at P by ſcrewing) the Pieces Ce, may be 
fixed, the Screw-Pins filed off, and the reſt of the Hole filled up on each 
Side the ſupporting Piece Co. | is 
N. B. I ts not to be expected that a large Pair of Scales ſhould be ſo exact 
as a ſmall Pair; becauſe the Friction increaſes according as it is beavier : 
So that if a Balance, whoſe Beam and Scales ' weigh fix Ounees Troy, 
be turned with 4x of a Grain, it may be ſaid to be as nicely adjuſted as 
Brigadier Armſtrong's Balance above-mentioned, which weighing 16 
Times leſs, turns with 45-5 of @ Grain. So likewiſe when a Balauce turns 


_ with a ſmall Part of @ Grain, we muſt not eupelt it to turn as eafily - 
when the Scales are loaded; for they will always become-leſs nice, accord- 


ing as they increaſe in Weight. 


The Pulley is liable to a great deal of Friction on account of the Stiffneſs 


of the Ropes, the Smalneſs of the Wheels or Sheevers in Proportion to 
their Center-Pins, and their rubbing againſt the Sides of the Block or Frame 
in which they move. „ i | | : 
Great Care ſhould be taken, that Pulleys which are to be uſed in Build- 
ing, or any where at Land, ſhould receive no Wet for by ſo doing, the 
Ropes twiſt and thieken, ſo as often to require a great Force to draw them 
through the Blocks in that Condition, even when no Weight is raiſed; but 
- one cannot avoid wetting them, .tarred - Ropes muſt be uſed as at 


Io prevent the Wheels rubbing too much againſt the Blocks that con- 
tain them, there ought to be thin Collars of Braſs or Iron of a Diameter 


To 


much leſs than the Wheels on the Pins on each Side of the Wheel. 


— 


5 


__— Eat ene 22 . ; - 
n * . 
i 9 ; * * ov 
» * 
8 b i 
* : *. 
o $ 2 
N 
% 


3 2 5 f 5 5 | þ "5s | l 5 5 : . 
142 4, Courſe of Experimental Philoſophy. 


. Annotat. To leſſen the Friction on account of large Pins when great Weights ate 
Lect. III. to be raiſed, we ſhould conſiderably increaſe the Diameter of the Wheel, 
&? — though in ſome Caſes the Machine would be too cumberſome, and there. 
fore not ſo eaſy to be managed. But as People do not commonly imagine ſo 
much Difference as there is between ſmall and large Pullies, provided their 
Number and Combination be the ſame ; I ſhall explain that Caſe in cong. 
dering the way of finding what the Quantity of Friction is, and only men. 
* Memoirs of tion here that according to Monſ. Amonton's Experiments and Calculations“, 
"= * pes there is ſo much Friction in Pulleys on account of the Force required to 
Tau, 7 bend the Ropes and overcome the Friction of the Pins, when the Wheels 
| or Sheeves are ſmall, that if over an upper Pulley of three Inches Diameter 
with an Inch Pin, there was a Rope of 14 Diameter, having 800 Pound 
Weight. at each End, which Weights muſt keep each other in A#quilibri 
in this Caſe, (becäuſe here the Pulley only does the Office of a Roller) in 
order to make one of the Weights preponderate and overcome all the Fri&i- 
ons, ſo as to bring the other Weight over, one muſt add 4365 to that 
Weight called the Power in ſuch a Caſe : But if the Pulley had been of 
24 Inches Diameter, the Diameters of the Rope and Pin being as in the 
„ Amall one, 45 Pound would have been a ſufficient Addition to the Power, to 
enable it to give Motion to the Weight by overcoming the Friction. It is 
therefore well worth conſidering the Quantity of Friction in order to direct 
us in Practice; ſince in this one Inſtance, by only uſing a Pulley-W heel of 
24 Inches Diameter inſtead of one of 3, the Force to overcome the Friction 
is leſs by the Quantity of 391 4 Pound; or leſs than of the Power 
added to it will bring up the Weight, when in the other Caſe there muſt 
be more added to the Power than one half of it. „ 
The Axis ix Peritrochio has but little Friction if the Wheel be large and 
the Axle ſmall, except what ariſes from the folding of the Rope round the 
Axle, if a large Rope be made uſe of to raiſe a great Weight. But yet 
we ſhall ſhew how to find the Friction of the Axle, whatever it be, after 
we have taken Notice of the Friction of the other Machines in general. 
The inclined: Plane is not liable to much Friction, if the Weight which 
is rolled up be ſpherical or cylindrick ; for then the whole Friction ariſes 
only from what the Plane wants of perfect Hardneſs, ſo as to ſuffer the 
Body rolling up to fink a little, which alters the Inclination of the Plane 
in that Place by making it ſteeper, and renders the Line of Direction a 
little inclined to the Plane: So likewiſe, if the Plane being hard, the Bo- 
dy yields and alters its Figure a little; then it muſt be lifted up at every 
Pull, or go up by jumps. But if the Body to be drawn up be flat, or of 
any Figure not ſpherical or cylindrical, as a Piece of Timber, or at leaſt a 
Sledge loaded, then the inclined Plane will have a great deal of Friction; 
which we ſhall ſhew how to eſtimate. | | 
The Wedge has a great deal of Friction; for beſides all this laſt men- 
tioned Friction of the inclined Plane when flat Bodies ſlide againſt one ano- 
ther, there muſt be added the third Part of the Preſſure which the {ame 
Body gives more to the Wedge than the inclined Plane, by reaſon of the 
15 | Obliquity | 
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Obliquity of the Draught, a Wedge being only an inclined Plane with the Annotart. 
Line of Direction parallel to the Baſe, inſtead of bn parallel to the Hy- Let. III. 
potenuſe of a Triangle, whoſe Height is the Thickneſs of the Wedge... 
N. B. We do not. here take notice of the Cobefion of the Wood or Bodies 
to be cloven, becauſe the Reſiſtance there to be ſurmounted is to be con- 
ſidered as a Weight, and therefore attributed to the Weight, and not the 
Power. 5 | | 
The Screw has a Friction of the ſame Nature as that of the Wedge, 
becauſe it is compounded of a Wedge; but greater, becauſe it touches in 
all its Parts at once, which a Wedge does not . The flat or ſquare-threaded 
Screw“ repreſenting only a ſingle Wedge riſing in the Direction H K, or“ PI. 11. E. 11. 
LM, Sc. has leſs Friction than the ſharp- threaded Screw + ; becauſe in f Pl. 11. F. 14. 
this laſt, the Surface of the Thread of the Screw is inclined to the Baſe as 
well as to the Axis or Arbor of the Screw. But the endleſs Screw * has pl. 11. F. i 
yet more Friction than the ſharp- threaded common Screw, becauſe it is 
obliged to take obliquely the Tooth of the Wheel which it drives. | 
For this Reaſon in Clock or Watch-work, thoſe that would change 
Wheels and Pinions into endleſs Screws, ſhould be aware of the great Fric- 
jon that is in them, and not make uſe of them unleſs the Nature of the 
| a requires it, and there be more gained by the Alteration of the 
Direction of Motion than is loſt by Friction. 
To ſettle ſuch a Theory of Friction, as may ſerve to direct our Practice 
(that we may not only make a juſt Eſtimate of its Quantity in every ſimple. 
Engine, but alſo find out the Friction of the ſeveral Parts which make u 
a compound Engine, ſo as to enable us to know what to allow for the 
Friction of the whole complex Machine) depends upon ſo many Experi- 
ments and Obſervations, that I rather chooſe to conſider that Subject in a 
Lefure on purpoſe, (viz. the 4th Lecture) than go on with it here, which 
would ſwell theſe Notes to too great a Bulk; ſo much remaining to be 
conſidered in relation to the ſeveral Particulars of the 3d Lecture, that they 
will far exceed the Length of the Lecture; unleſs I were to omit ſome 
Things very material, which yet are too difficult to be mentioned in the 
LeZures themſelves, which I have made ſo eaſy, as to require only the 
Reader's Attention, without any previous Knowledge of Mathematics. 


4. [20. The Beam hanging freely on its Center of Motion, which is 
Placed a little above its Center of Gravity.) As no Poſition of the Beam 
of the Balance but the horizontal can make us judge of the Weight of the 

odies to be compared by that Inſtrument, we muſt be careful that the 
Center of Motion or Point of Suſpenſion of the Beam be not in the Cen- 
{er of Gravity, becauſe then not only the Beam would remain in any gi- 
ven Poſition “ (as well inclined as horizontal) but alſo continue in that Po- L. z. 26 


ſition 


MERE 


reer 
I 


3. 


3% Though, ſtrictiy ſpeaking, the Friction of yet it ſo happens here, becauſe in this Caſe the 
ies of the ſame Weight does not increaſe in rubbing Surfaces apply leſs exactly to one ano 
ordon to the Number of Parts that rub; ther than in the Wedge. 2X 
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let us examine the 1ſt-Figure of Plate 14 14. 


Bodies P, W, (equal, if the Beam be equally divided in its Length by the 
Point K, or reciprocally proportionable to the Brachia if the Beam be 
unequally divided) be ſuſpended at the Ends A, B, they will hang in gui 
- ibrio in any Inclinati n of the Beam, let the Beam be of any Size what. 
ever. Firſt, Let the Beam be ſuppoſed fo ſlender as to have little or no 
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tion when equal Weights are ſuſpended at its Ends, ' To illuſtrate this, 


= 


H C 5D, repreſents the Section of a Beam of ſome Thickneſs, which 


T Pl. 14. F. 1. when ſuſpended by its Center of Gravity K, will as well remain in the in- 


clined Poſition AEB F as in the horizontal Poſition : Now if the heavy 


Weight in Compariſon of the Bodies, as the Line A B, with its Center of 
Gravity at K: It is evident, that the common Center of Gravity of P and 


W, which is at G, will not be ſenſibly removed from the Point G by the 
Addition of the Beam ſuppoſed of little or no Weight, nor by the Remo- 
val of the Bodies top, w, when the Beam is inclined into the Poſition 


ab*, Secondly, If we conſider the Beam with all its Weight; when in 
the horizontal Situation C D, the heavy Part C B preſſing upon AB being 


: equal and equally diſtributed over the Beam, and the lower Part ADe- 
qual to CB, hanging under in the ſame Manner as C preſſes above, the 
Center of the Gravity of the Beam will not on that Account be removed 
from the Point K; but the common Center of Gravity of the Bodies P, W., 
and the Beam will be removed from G to g under the Center of Motion 
*K; therefore the Balance and Weights will remain in that Poſition, be- 


cauſe the Point K of the Line of Direction is ſupported l. Neither will 
the Weights (which in a Balance always hang freely) be able to alter this 


horizontal Poſition by their Suſpenſion, becauſe their Diſtances A K, BK 


from their Lines of Direction to the Center of Motion K, (upon which 
their Velocities depend) are equal, or reciprocally proportionable to their 
Maſſes *. Now if the Beam be inclined in the Poſition E A F B, we way 
ſtill conſider in it the ſlender Beam A B, loaded above and below with the 


two equal Priſmatical-Wedges A F B and A E B, whoſe Centers of Gravity | 
bein at m and , their Lines of Direction will go through the Points r and s 
equally diſtant from the Center of Motion K, therefore they will balance 
each other +, and conſequently not alter the inclined Poſition of the Beam. 


Then if we conſider the Weights p and w ſuſpended from the Points « and 
2, the common Center of Gravity of the Beam and Weights will ſtill be 
at g, and the Diſtances of the Lines of Direction of the Weights now be- 
coming 7 K and 4K, decreaſe exactly in a reciprocal Proportion to the 
Weights ; ſo that there can be no Motion occaſioned by this Poſition of 


the Beam and Weights, becauſe there is no Alteration of Place in the 
common Center of Gravity of the whole loaded Balance, or the reſpective 


Velocity of the Weights. | 
But if we remove the Center of Motion or Point of Suſpenſion of the 
Balance to x, a little above the Center of Gravity of the Beam, K, the 
Line of Direction, which in the horizontal Poſition of the Beam 15 65. 
will in the inclined Poſition of the Beam be out of the Point of _ 
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a kon, which will then be removed to c, and the Center of Gravity muſt Annotat. 
nove from g to g, which it can do deſcribing a ſmall Arc round the Point c; Lect. III. 
V pich will reduce the Beam to an horizontal Poſition, in which the Lin 
or Direction will be c q going through the Point of Suſpenſion c, and con- 
"I ſequently IWeights that are in Æquilibrio upon a Balance whoſe Center of 
WE 1/1: is above the Gravity of the Beam will reduce the ſaid Balance from 
I inclined to an horizontal Pofition.  _ 5 
| Now in fixing the Center of Motion of the Beam above the Center of 
Gravity, Care muſt be taken to fix it above the Points of Suſpenſion, 
as ſome Authors have taught, and as the Practice is in making the 
common Scale-Beams, which may be conſidered as made up of two Lea- 
vers, making an obtuſe Angle at & the Center of Motion, whilſt the Points 
| of Suſpenſion A, B, are under its Level in the Line A B. Such a Ba- 
| lance is uſed for common Purpoſes, becauſe it comes ſooner to an Æquili- 
rium, than if A& B was one Line; but it is a falſe Balance, and a ſkil- 
| ful Pcrſon may cheat with it in proportion as the angle A & B is more acute, 
| eſpecially when there is no perpendicular Piece or Examen as C r *, to ſhew*Pl. 14. F. 2. 
| hen the Balance is truly horizontal , for unequal Weights may make an 
= Equilibrium on ſuch a Balance, and not be diſcovered by changing the Scales, 
| which preſently diſcovers the Cheat in a Balance whoſe Beam has its 
| Brachia unequal T. For Example, let the Balance A CB c (whoſe Center 
of Gravity is at c, and Center of Motion at C, with the equal Weight P, P, 
| hanging at its Rxtremities A B) be placed in the inclined Poſition 2 5; J 
| ſay, that as the Line of Direction D d of the Weight P is brought nearer 
| to the Center of Motion (v7z. to g 1) the faid Weight may be increaſed in 
proportion as its Diſtance C x is diminiſhed by being reduced to Cg, and 
act with the very ſame Force on its Point of Suſpenſion : Whilſt the Line 
| of Direction of the oppoſite Weight P being removed from D d to 5 &, its 
W Diſtance Co becomes C, and therefore P may be diminiſhed in propor- 
tion as its Diſtance is increaſed; therefore in that Situation of the Ba- 
| lance the Weights P and P will keep each other in Ægquilibrio, when they 
differ in the reciprocal Proportion of their Diſtances q C and & C, or b C 
aud Ca, if the Balance be inclined the other Way in the Line à B; the 
& Diſcovery being only made by the viſible Inclination of the Examen to- 
E waros 5 of ,I CORPS „ „ 
Ihe nearer the Center of Gravity of the Beam is to the Center of Mo- 
tion, the nicer will be the Balance, becauſe the Beam will be the more 
| apt to vibrate quick from Side to Side. As for Example, if a c C be » pl. 14. F. 2. 
dhe Beam, and C the Center or Axis of Motion, the Difference between 
tae Effect of having the Center of Gravity at K, or c, will be the ſame 
as if we compared the. Vibrations of two Pendulums of the Length C K 
and Cc, whoſe Velocities in their Vibrations reciprocally are in a ſubdu- 
| Plicate Ratio of their Lengths (as I ſhall farther ſhew when 1 come to 
treat of Pendulums) for the Beam is really a Pendulum. 1 


8 - . , £ rr 2 i l r 
: WEED 4 R od. 5 * r N 5 N EE. ES? 2 8 i by 1 = 9 Aer LATIN 
FREE, FSI, ei, . f , , , , . . IE IE ot one AE ITT £972 nv | 
PP Fg 9 FOR * e TC IE Ce 3) rb \ WES ISI af: 
nnn 2 ee A oY CAT CONT TI x * N ACE. e I N 22 . 8 „ eee 
* 8 7 * n ö e N R E> FIG Cs oak tl: * A N e I Ps er SN x 4 . 2 FF A er 
£ g * : - D > . 3 2 e 0 7 Ste . 2 h F * 5 . 


1 27. 


Vol. I, 1 „„ | ExpxRr- 


| PI. 14. F. 3. 


L. 2. 26. 


+L. 2. 20. 


\ 


hy 


146 A Courſe of Experimental Philoſophy. 
| Annotat. : | Fe ; 5 = 3 Eg. > 1 33 vo 
2 PEx6unrhcnn Plar ny. Bbrg.- 


be uſed in Practice for ſome nice Experiments, becauſe by ſuch a Contrivane 


not: and in compound Engines, where Balances are often a Part of a com- 
Se. Therefore I ſhall conſider the Effects of Powers applied obliquely 
Fi. 14. F. 4. Let the Balance A B *, 12 Inches long and equally divided by its Cen- 


laſt we ſhall conſider as the Power. Whilſt the Power draws in the Line 
CB = CA the Diſtance of the Weight, both Diſtances oy meaſured 


will bediminiſhed in proportion as C F or C, the Diſtance from the Line 


and a Ball W ſo contrived, that it may be ſcrewed on towards, or ſcrewed 
fromwards the Axis C. When by bringing the Ball to W the Center cf 
Gravity is at K, the Vibrations of the Beam will be quicker than when 
the Center of Gravity is brought to & by lowering the Ball to w. 7%; may 


To the Beam A B, whoſe Axis of Motion is C, fix a ſcrewed Wire x, 


* Center of Gravity may be brought as near as you pleaſe to the Centet of 

. „ : VVV 

VN. B. That the Center of Gravity ought never to be above the Center 

| a 1:5 Uk appears from what has been already ſaid in the ſecond Ledure, 
o EY = 


5. (27. In all theſe Caſes we ſuppoſe the Weights to hang freely from 
the s of the Balance to which they are faſtened] Though in 
the common Uſe of the Balance the counterpoiſing Weights, or the 
Scales, generally hang freely; yet there are ſome Caſes where they do 


plex Machine; inſtead of Weights, Powers are applied to their Ends in 
all Manner of Directions, and then they become Leavers of the firſt Kind, 
ſuch as the Regulators in ſeveral Water-Engines, Beams to blow Bellows, 


to a Mathematical Balance or ſtraight inflexible Line, which will alſo ſolve 
all Caſes of the Leaver, and (with proper Allowances) may be applied to 
all the Mechanical Organs. | 


ter of Motion C, ſuſtain at its Ends the two equal Weights W, P, which 
B P, it acts according to its whole Intenſity 4, its Diſtance being then 


upon the Beam: But if the Power be removed to P, and (its ring B x . 
running over the Pulley x) it draws obliquely in the Line B x, which makes 
with the Beam the acute Angle C B F, or (what comes to the ſame) the 
obtuſe Angle CB E (becauſe here we ſuppoſe it as much greater than 2 

right Angle as C B F is leſs, CB F being CBS) the Force of the Power 


of Direction of the Power acting obliquely, is leſs than CB the 2 55 
of the Line of Direction of the Power acting directly or at right Anger 
to the Brachium of the Balance CB. Knowing therefore the Intenſity of 
the Power, which acting at right Angles at B (or which hanging freely 
from B, if an heavy Body, as repreſented here, by the Power) keeps the 
oppoſite Weight W in Aquilibrio, one may eaſily find how much the Poet 
muſt be increaſed to keep the ſaid Weight in Ægquilibrio when [Fork 
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offiquely in any known Direction, as for Example in the Direction repre- Annotat. 
ſented in the Figure; or (Which is all one) bow much the Weight P, Lect. III. 
«hoſe String faſtened to B runs over the Pulley x, muſt be greater than 
the Weight P, which hangs freely, to have the ſame Effect. With the” 
Piſtance C For C © draw the Arc F Fp, which cuts CB at 7; then you 
will have the Quantity of P by this Analogy : W 


As the Length C f upon the Bean, whoſe Length is 4, 87 Inches: 
t CB the whole Brachium of the Beam, here 6 Inches long 
So is the Intenſity of the Power, or the Weight P, here ſuppoſed 40 Pounds: 
To the new Power, or Weight P, 50 Pounds. 1 
Hence it appears that the Weight P thus found, would keep the coun- 
terpoiſing Weight W in Æguilibrio by hanging freely at the Point , as 
well :s it does it by drawing obliquely over the Pulley ; becauſe the 
Momentum of W (or W x AC) being divided by Cy, will give the Quan- 
tity of the Weight P; or, in other Words, there will be a reciprocal Pro- 
| portion between the Weights W and P, and their Diſtances CA and, 
_Cf*, Therefore Cf r CO =CF the Diſtance of the Line of Direction - ;,. 


lar from that Center to the ſaid Line of Directian) may in all ſuch Caſes be 12. 
properly called the acting Liſtance of the Power, See No. 20, EE IS. 


Another ay. 


2 


o 
«+ 
8111 


£ 


Through the Point x taken in the Circumference of the Pulley, over, 
which the String BP runs, draw x E parallel to the Balance A B, Which 
will cut the perpendicular Line of Direction of the Power (or freely hang» 
ing Weight) P, at right Angles at D, D x. being z D E, and the Angle. 
B DSD BE by Suppoſition. In * rectangular Triangle B Dx, as 
much as the Hypotenuſe Be is longer than the Perpendicular B D, ſo 
much muſt the Quantity or Intenſity of the Weight P (which hanging free - 
ly, keeps W in Aqu librio) be increaſed. when it draws obliquely in a Line 
Bx; that is, ſo much muſt P be greater than P, to keep Win Æguili- 
_ br10 drawing obliquely, The ſame would be true if x was removed to E; 
and therefore this will always be the Rule to eſtimate the Force of Powers. 
drawing ollie, net SO ES 


4s the Sine of the Angle of Traction, viz. the, Angle which the Line of Di. 
-  redtion-of the Power makes with the Beam A x6 
...... ee gong „ 
i the Intenfity of the Power drawing, at right Angles with the Beam; 


* 
. + 1 


19 the Intenſity of the Poer drawing obli uf. 1 5 
. 3. The Angle of. Traition here is C B x or CBE, whoſe common, 
Dine s BD; then in this Caſe BD: Bx:: P: P. 5 5 


from the Center of Motion (always found by the Length of a Perpendicu- and L. 1 
13. 4 
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Annotat. That this Method will always have the ſame Conſequence as the former, 

Lec. III. may be ſeen by comparing together the two Triangles Bx D and CBF; 

for ſince CF ; is a right Angle by Suppoſition, and C BKS Bx D he. 

| cauſe of the Parallels C B and D, BC F mult be equal to x BD, and 

conſequently the Triangles be ſimilar, which will ſhew that CF (48): CB 
ie dn £42. , 5 at 

T his might alſo be explained a third Way, by reſolving the Force which 

draws obliquely in the Line B x, into the Forces, the one drawing along the 

Leaver in the Line B C, and the other in the Line B D, after Sir Jac 

6 6. Newton's Manner “; but we ſhall conſider it in the Caſe of Truſion or 

puſhing obliquely againſt any Point of the Beam, which is the ſame as 

drawing the contrary Way, © . 5 

All theſe Methods will appear to agree in the following 


BY — 
| | + 8 
* 1 * A 


6 
1 
* 


K* * * IMEN T. Pi. 14. Fg. 5. 


The Balance or Leaver AB, 12 Inches long, is moveable upon the 
Center C of the Stand 8, which has a long Piece ſo propped at 8, as to 
remain in an horizontal Poſition, ſo as to carry the Pullies x and E, each; 
Inches diſtant from the Point ID, which is placed perpendicularly under B. 
When the Power P of four Ounces equal to W hangs freely, it keeps W 
in /Equilibrio ; but if the String PX B be thrown over the Pulley x or E, 
then will the ſaid Power P be overpois'd by W till it be changed for P or p 
a Five-ounce Weight, which drawing obliquely over x or E, will keep W 
in /Equilibrio. Now one may obſerve, that when P deſcends one Inch, or 
from P to r, it brings down the End of the Beam B only to the Point 
b in the horizontal Line fe, which raiſes the oppoſite End A to a, juſt 
as high above the Line A; but when the Power at P defcends one 
Inch, namely to 2, it brings down the End B to g in the horizontal Line 
5 g, and conſequently raiſes the oppoſite End A ſo much higher, fo as to 
give more Velocity to the Weight W, bringing it to w inſtead of w. Now 
ſince the Powers P and P with the ſame Velocity (or deſcending equally) 
give W different Degrees of Velocity, their Intenſities muſt be different 
in that Proportion, becauſe Cauſes are always proportionable to their Efſeds 
therefore P muſt be greater than Pas much as the Arcs A a and Bþ are 
greater than A à and B 2, or rather as much as the Sine a o is greater than 
4 u. This alſo appears by obſerving (ſince BR & (=y x) and By) that 

the Strings BP, Bx P, and Þ Pg are all equal. WE 27 
N. B. This is ftridly true only in the Beginning of the Motion of the Bean; 

but that is ſufficient for our Purpoſe. | | ; 

The very Sight of the Machine makes it plain that a Power acting at 
right Angles is the moſt effectual. For as in removing the Power from 
the Perpendicular it draws more weakly at E, and at m it only pulls the 

Center C in the Direction B m, ſo as to do nothing towards railing 22 
YL dre. * 


# 


4, Courſe of Experimental Philoſophy. 149 


oopolite End of the Beam; and going the contrary Way, the Power wea- Annotat. 
m_ at x, becomes wholly ineffectual when brought to the Beam to draw Lect. III. 


4 


o 


in the Direction B C, becauſe then it only acts againſt the Center C, no way 


moving the End A : Therefore a mean Situation of the Line of Direction 
between thoſe two ineffectual Extremes, muſt be the moſt effectual; and 
chat is in the Line B P perpendicular to the eam. 
It is upon this, Principle that moſt of the Feats of the pretended ſtrong Men, 
t modern Sampſons, are performed; the Machines on which they fit or ſtand 
KW teing /o contrived, that the drawing Horſes or hanging Weights pull thoſe Limbs 
of the Man refiſting (which perform the Office of a Leaver or balance) in ſuch 
a Manner, that they are drawn airefly againſt the Center of Motion: But 
this I ſhall explain more particularly when 1 come to ſpeak of thoſe Feats 
f Strength. Lig alien 00 6 2 1 „ 
; If at one of the Ends. of the Leaver or Balance be fixed a Weight which 
(moving with the ſaid End of the Leaver does not hang freely, whi'ſt the 
Power acting at the other End is either a heavy Body hanging freely, or an 
enimate Power preſſing perpendicularty towards ihe Earth ; | 1. ſay, that ſuch 
a fixed Weight will vary in Force according to. the Poſition of the Beam, and 
that Force «ill vary in a contrary Manner according as the Center of Gravi- 
ty of the Weight is above or below the Beam: namely, when the Center of 
Gravity of the fixed Weight is below the Beam (as in Fig. 6.) the Weight Pl. 14. F. 6. 
vill become heavieſt (or att moſt ſtrongly) when raiſed above the horizontal 
Line (as at G) in the inclined Situation of the Leaver D CG; and it will 
become lighteſt when depreſſed below the horizontal Line (as at E) in the in- 
clined Situation of the Leaver A C E; on the contrary, if | the Center of 
Gravily of the fixed Weight be above the Leaver (as in Fig. 7.) it will be- Pl. 14. F. 7. 
come heavieſt when depreſſed below the horizontal Line (as at K) in the 
inclined Situation of the Leaver ACK; and become lighteſt when raiſed 
above the horizontal Line (as at E, in the Situation of the Leaver D CE. 
| But the ſaid fixed Weight will a in the ſame Manner as if it hung freely | 
wen the Leaver is in the horizontal. Situation, as at B F (Fig. 6.) and 8 
The firſt Caſe (Fig. 6.) may be thus explained. In the Poſition of the Pl. 14. F. 6. 
Leaver B F the Line of Direction q O going thro! the Point of Suſpenſion 
| $ and being at right Angles with the Leaver, Cq is the afing Diſtance , * See Page 
of the Weight as well as the Diſtance of the Point of Suſpenſion; there- 147. 
fore as BC: to C:: ſo is the Weight F: to the Power R; in the fame 
Manner as if the Weight F hung freely from 3. But when the Weight 
is raiſed up to G, as the Center of Gravity O cannot get under the Point 
K (the ſame as q the Point of Suſpenſion in the horizontal Leaver) Or 
becomes the Line of Direction inſtead of K M, which would have been 
| the Line of Direction if the Body had hung freely from K; therefore 
Cris the acting Diſtance of the Weight inſtead of C M, when the acting . 
Diſtance of the Power is become LC; and conſequently the Weight has 5 
more Force, and can only be balanced by à greater Power as P. For 
whereas CL: CM: : F (or G): R, now CL: Cr:: F (or G): P, 
| | - a ſtronger 
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Annotat. / a ſtronger Power or heavier Coutiterpoiſe, But if the Weight be brought 
Left. III. to E, its Line of Direction inſtead of u H becomes M ©, and conſequently 
its acting Diſtance is Jeſs than it ought to be in Proportion” to C the 

acting Diſtance of the Power, which therefore may be dimriniſned in In. 
ene eee . ES. RE 348% 


Pl. 14. F. 7. From what has been ſaid; and a View of Fg. 7, one may ſee" that the 
contrary mult happen, when the fixed Weight has its Center of Gravity 
above the Leaver or Beam. For in the Situation of tlie Leaver E D, the 
Line of Direction of the Weight coming forward too faſt (becoming OJ. 
inſtead of E 5) CLthe acting Diſtance of the Weight at E bears a leß 
Proportion to C N the acting Diſtance of the Power at 8, than Cg to CB, 
the Proportion in the horizontal Situation; and conſequently*the Power $ 
of leſs Intenſity ſerves as a Counterpoiſe inſtead of R. But when the 
Weight is depreſſed to K, we mult make uſe of P, a greater Counterpoiſe; 
becauſe C g'is become the acting Diſtance inſtead of C r. And inthe ho- 
rizoata}. Situation of the Beam the Body O weighs the ſame as if it hun 
freely, becauſe Q p is its Line of Direction, as it would he if the ſaid Body 

| hung down from g. This may be obferved in Practice. Suppefe the Mat 
PI. 14. F. 8. M (F. 8) is lifting Hay, Sheaves of Corn, or à large Faggot A, by 
means of the Prong or Fork A B reſting upon his Knee c as a Fultrum, and 
8 preſſing down the End B of the Prong or Leaver; if the Fork A goes un- 
Pl. 14. F. 7. der the Faggot, it will be the Caſe of the inclined Leaver A K (Fg. 7. 
and the Burthen will grow lighter as it riſes. But if the Fork had been 
| thruſt through the Binding above the Faggot, it would be the Caſe of 
PL. 14. F. 6. the inclined Leaver AE (Fig. 6) at whoſe End the Burthen becomes 
beeavier as it is raifed up; and then if the Man was juſt able ro begin to 
lift it, he muſt let it go back again, or find a new Fulcrum at C in or- 
der to raiſe that Weight, Suppoſe again, that the Beam of a large Pair 
of Scales, was inclined in the Poſition ACE; a Man in the Scale ful- 
pended at H may, by thruſting up his Hand hard againſt the Beam, 
put himſelf in the Condition of the heavy Body H E, and confequently 
appear to weigh leſs than his true Weight, being. counterpoiſed by ſuch 
a Weight as S. But if the Scale which he gets into be raiſed up, its 
Point of Suſpenfion being at K, in the Poſition of the Leaver DCK; the 
Man, by thruſting hard againſt the Beam above his Head, may throw his 
Body into a Poſition perpendicular to the Leaver, and together with the 
Scale he in the Condition of the Body K G; ſo that if there is more 
Weight in the oppoſite Scale, the Weight need not be leſſened till its In- 
tenſity be equal to that of the Man's Weight, but it will begin to be 
lifted up whilſt it is ſtill greater; ſo that in ſuch a Caſe, a Man's Weight 
| will appear greater than it is, by as much as the Counterpbiſe F 1s 
| greater than R. Juſt the Reverſe would happen, if a Man was to ſit upon 
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| | the Beam; for then he would weigh leaſt, when raifed above the horizon- 
| Pl. 14. F. 7. tal Line going through che Center, as at F. M (Fig. 7.) and moſt wheti be. 
| low the jaid Eine, as at F K. VVV 5 W 
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Now though the Action of heavy Bodies on one another may thus in the Annotar.: 
Balance and Leaver, and ſome other of the Mechanical Organs, be eftima- Lect. III. 
ted by the Diſtance of their Line of Direction from the Center of Mo 
ton; yet this is only ſo far true, as the perpendicular Aſcent and Deſcent 
is agleeable to that Diſtance; for there are Caſes eſpecially in the work - 
ing of Compound Engines, where the Diſtance of the Line of Direction 4 
of a riſing or falling Body from the Center of Motion is not proportionable 
to the perpendicular Aſcent or Deſcent of the ſaid Body. I herefere rhe 
Velocity of a Power, when it is an heavy Body, muſt be conſidered in the 
{me Manner as that of a Weight; as has been fully explained in the 8th 


lowing 
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through a Slit in the upright Piece N O ſtanding on the Pedeſtal M, ſo 
as to be moveable upon the Center-Pins C and K. To the upright 
Pieces AD and BE of this Balance are fixed at right Angles the horizon- 
tal Pieces F G and H I. That the equal Weights P, W, muſt keep each 
other in Æguilibrio is evident; but it does not at «firſt appear ſo plainly, 
that if W be removed to V, being ſuſpended at 6, yet it ſhall keep Þ in 
Azguilibrio; though the Experiment ſhews it. Nay, if W be ſucceſſively 
moved to any of the Points 1, 2, g E, 4, 8, or 6, the 2Zquilibrium will be 
continued; or if, W hanging at any of thoſe. Points, P be ſucceſũvely 
moved to D or any of the Points of Suſpenſion on the Croſs- Piece F. G, 
P will at any of thoſe Places make an AÆguilibrium with W. Now, when 
the Weights are at P and V, if the leaſt Weight that is capable to over- 
come the Friction at the Points of Suſpenſion C and K be added to V as 
15 - Weight V will overpower, and that as much at V as if it was 
From what we have ſaid aboye, the Reaſon of this Experiment will be 
very plain. As the Lines A C and K D, CB and K E always continue 
of the lame Length in any Poſition of the Machine, the Pieces A D and 
5 E will always continue parallel to one another and perpendicular tothe 
Horizon, however the whole Machine turns upon the Points C and K; 

3s appears by bringing the Balance to any other Foſition, as à bed; and 
therefore as the Weights applied to any Part of the Pieces F G and H 1 
can only bring down the Pieces A D and B E perpendicularly, in the ſame 
Manner as if they were applied to the Hooks D and E, or to X and Y, 
the Centers of Gravity of AD and BE; the Force of the Weights 
( their Quantity of Matter is equal) will be equal; becauſe. their Velo- 
| C13 will be their perpendicular Aſcent or Deſcent, which will always be 
8 equal Lines 3 * and 5 y, whatever Part of the Pieces FG and H I 

Weights are applied to. But if to the Weight at V be ee 

| ktle 


Note of the ſecond Lecture“; and may be farther proved by the fol- L. 2. Ann. 8. 


A CBE KD is a Balance in the Form of a Parallelogram palüng pl. 14. F. g. 
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Annotat. 


Lect. 111. 
Fi. 44 ©. 0. ; 
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V, which makes its Momentum; but its perpendicular Velocity 3) aft 
r . gn Unmmate 35 
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little Weight u, thoſe two Weights will overpower,” becauſe in this Ct 
the Momentum is made up of the Sum of V and u multiplied by the com. 
, , ill 2i5n0 HO a TCR 92 on! 


Hence follows, that it is not the Diſtance c multiplied into the 


This is ſtill farther evident by taking out the Pin at K; for then the 
Weight P will overbalance the other Weight at V, becauſe then their per- 


pendicular Aſcent or Deſcent will not be equal. 


To conclude all that relates to Forces applied in different Directions 


to Leavers and Balances, I ſhall explain the Action of oblique Forces by 


the Compoſition and Reſoluti.n of Motion after Sir Jaac Newton's Manner; 
applying the Solution to a Fropoſition of the Balance, which has not been 
taken notice of by mechanical Writers, though often talked of by hand. 


craft Workmen. 


PI 14. F. 10. 


AB is'a Balance, on which is ſuppoſed to hang at one End'B the Scal: 
E with a Man in it, who is counterpoiſed by the Weight W Langing at A 


the other End "of the Balance. I ſay, that if ſuch a Man, with a Cane or 
any rigid ſtraight Body, -puſhes upwards againſt the Beam any where between 
the Points C and B (provided he does not puſh direttly againſt B) be will 
thereby make himſelf heavier or overpoiſe the Weight W, though the Stop G G 
binders the Scale E from being thruſt out fromwards' C towards GG. | 
ſay likewiſe; bal if the Scale and Man ſbould hang from D, the Man ) 
puſhing upwards againſt B, or any where between B and D, (provided he does 
not puſh direct) "againſt D) will make himſelf lighter, or be overpoiſed by tht 
Weight W, which did before only counterpoiſe the Weight of his Body and the 
Seto. © b * 8 DUTT I a 

If the common Center of Gravity of the Scale E and the Man ſuppoſed 
to ſtand in it be at &, and the Man by thruſting againſt any Part of the 


Beam cauſe the Scale to move outwards ſo as to carry the ſaid common 


Center of Gravity to ; then inſtead of B E, LI will become the Line 
of Direction of the compound Weight, whoſe Action will be increaſed in 


the Ratio of LC to BC. This is what has been explained by ſeveral 


Writers of Mechanicks ; but no one, that I know of, has conſidered the | 
Caſe when the Scale is kept from flying out, as here by the Poſt G 6, 
which keeps in its Place, as if the Strings of the Scale were become 1n- 
flexible. Now, to explain this Caſe, let us ſuppoſe the Length B D of 


half of the Bracbium BC to be equal to three Feet, the Line B E to 


\ 


four Feet, and the Line E D (of five Feet) to be the Direction in which the 
Man puſhes, DF and F E to be reſpectibely equal and parallel to B E and 
BD, and the whole or abſolute Force with which the Man puſhes, equal 
to (or able to raiſe) 10 Stone. Let the oblique Force E D (= 10 _ | 
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be reſolved into the two E F and EB (or its.equal FD) whoſe Directions Annotat: 
are at right Angles to each other, and whoſe reſpective Quantities (or In- Leck. III. 
tenſities) are as 6 and 8, becauſe EF and BE are in that Proportion to 

each other and to ED. Now ſince EF is parallel to DC A the Beam, 

that Force does no May affect the Beam to move it upwards j andithere- 

fore there is only the Force repreſented by F D, or 8 Stone to pufh/the 

Beam upwards at D. For the fame reaſon, and becauſe Action and Re- 

action are equal, the Scale will be puſhed down at E with the Feree of 

$ Stone alſo. Now, fince the Force at E pulls the Beam perpendicularly 

downwards from the Point B diſtant from C the whole Length of the Bra- 

chium BC, its Action downwards will not be diminiſhed, but may be ex- 

preſſed by 8 x BC: Whereas the Action upwards again D will be, half 

oſt, by reaſon of the dit iniſhed Diſtance from the Te iter, and.is only to 

be expreſſed by 8 , and when the Action upwards to raiſe the Beam 


: | . \ F 111 1 
is ſubtracted from the Action .dawowards to gepreſs it, there will Rill re- 


4BC: Conſequently a Weight of 4 Stone muſt be added at the End A 
to reſtore the Æguilibrium. Therefore' a= Man, &ci puſhing upwards under 
the Beam between B and D, becomes beavier. & NU. : 
On the contrary, if the Scale ſhould hang at F from the Point D only 
three Feet from the Center of Motion C, anda Poſt 'y g' hinders che Scale 
from being puſhed--inwards towards O; then if a Man in this Scale F 
puſhes obliquely againſt B with the abſolute: Forte above-mentioned z the 
whole Force, for the Reaſons before given: (in reſolying the oblique Force 
into two others acting in Lines perpendicular ta each other will be neduced 
to 8 Stone, which puſhes the Beam directly upwards at B, while the ſama 
Force of 8 Stone draws it direct! down at D towards F. But as CD is 
only equal to half of CB, the Forte at D compared with that at B loſes 
half its Action, and therefore can only take off che Farce of 4 Stone from 
tne Puſh upwards at B; and Tonſequently the Weight Wat A will pw⸗ 
ponderate, unleſs an additional Weight. of. 4 Stone be hanged at -B. Y Hare 
fore a, Man, & c. puſhing-upwards unter the Beam beteveen B und D, becamei 
laber. Which was alſo; to be demonſtratd .. hy 4h 1 
= Unxg -IJ&s qo. ot ee . 
„ „ GRIT Seholinm +1..- a 2 $4 \ ard ad. e 
"wt 2 14 oor want anal £1 4 4 nicht atnd of To, rent 41 . 
Hence, knowing the abſolute Force of the ' Man. that puſhes up. 88 5 * 
(that is, the whole obliquę Force). the, Plage of the Point of, Eruſian- D. 
and the Angle made by. the Direction of the Force with, the: Beam at, dhe 
10. wa aint, we may, haue a general Rule to know what Forge, is added £q 
= . of the Beam. N in any, Inolination f the itection of the, Eocoe: r 
de, of the Point D. Ty 
9 „ | Þ 4 | : Rule 
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Cuurſe 'of Experimental Philoſophy, 

_ Firſt find the perpendicular Force by the followin 

ee is known to all that underſtand the 2 
T.... „ 93d. 5 


ication of oblique 
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As the Radins: e % i 
Tobe right Sine of the Angle of Inclinatian of the Force to the Beam: 
vw ems: u 4 ano deed; Ros ĩͤ 


Ihen the perpendicular Force multiplied. into the Leng of the Bra- 
chium BC, minus the ſaid Force multiplied into the Diſtance DC, vil 
give the. Value of the additional Force at B, or of the Weight required to 
reſtore the Æquilibrium at A. | | | TY 
Or to expreſs it in the algebraical Way: Let o f expreſs the oblique 
Force, pf the perpendieular Force, and x the Force required, or Value of 
the additional Weight at A to reſtore the Zquilibrium. 


DE DE (BE) 2 „ip. I | | 


The fame Rule will ſerve for the ſecond Cafe, if the Quantity found 
be made negative, and the additional Weight fuſpended at B. Or having 
found the Value of the perpendicular Force, the © qudtion will ſtand thus: 
—pf*x BC+pf x DC = — x; and conſequently the additional 
Jak ax muſt be hanged at B; becauſe — * at A is the fame as +» 


4 0 


Hence it follows alſo, that if, in the firſt Caſe, the Point of Truſion be 
taken at C, the Force at B (or Force whoſe Value is required) will be the 
whole perpendicular Force; becauſe CD is equal to nothing. And if the 
Point D be taken beyond C towards A; the perpendicular Force puſhing 
upwards at that Point, multiplied into DC, muſt be added to the ſame 
Force multiplied into BC, that is, pf x BC + pfxDC=xs. 
The Machine I made uſe of to prove this experimentally, was as follows, 
(Fig 11.) The Braſs Balance A B is 12 Inches long, moveable upon the 
Center C, with a, perpendicular Piece Bb hanging at the End B, and more. 
able about a Pin at B, and flopped at its lower End # (by the upright 
Plate GG) from being thruſt out of the Perpendicular by the puſhing 
Pipe FE, whoſe lower Point being put into a little Hole between the 4 
ters G and , the upper Wire er Point (when put into another little $a 
| | | 3 
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always loſes. 


under the Beam at D) is by means of the Worm Spring E F preſſing Annotat. 
aoainſt the Plug E, to drive forward the ſaid Wire + D, made to puſh the Lect. III. 
Beam upwards with the Force of the Spring EF. TSS is a Stand to — 


which is fixed the Pillar TC, which ſuſtains the Balance; and it has alſo a 
Slit SS to receive a Shank of the moveable Plate G G, to be fixed in any 
Part of the Slit by a Screw underneath. 5 TE Minis & =: | 
ExPERIMENT. Plate 14. Hg. 111. 
Hang on B, as in the __ Then let EF be fo applied to the Hole 
, that its upper Wire Y DE, may go through a little Loop at ), ſo as 
not to thruſt the Beam upwards, but be in the ſame Poſition as if it did, 
that by hanging on the Weight W the Bracbium BC with Bb and FE 
may be counterpoiſed, that the Action againſt D and H may be eſtimated 
without the Weight of the Puſhing - pipe. VV 50 
Then drawing down the End of the Wire &, thruſt it into the little Hole 
under D, and B will be ſo pulled downwards as to require the additional 


Weight P of 4 Ounces to be hung on at A, to reſtore the Æguilibrium; 


when B H is 4 Inches, B D 3 Inches, and the whole Force of the Spring 
equal to 10 Ounces. Har a . e ene 2 tel! 

need not here ſay, that for explaining the ſecond Caſe,” B & is to be 
ſuſpended at D, with the Plate GG fixed to ſtop it at the Place M, to keep 
it from being puſhed towards T, and that the upper End of GFE De 
muſt puſh into a Hole made under B, in which Caſe the Weight P-muſt be 
hanged at B, to reſtore the Æuililriuu s. 

N. B. To ſhew.experimentally that the Force which the Spring exerts in 


this oblique Truſion is equal to 10 Ounces; take the Beam AB, Which 


weighs 4 Ounces, from its Pedeſtal C T, and having ſuſpended at each End 
A and B. 3 Ounces, ſupport it under its Center of Gravity by the Puſhing- 
pipe E. H fet upright under it, and you will find that the Beam with the 
to Weights will thruſt in the Wire 1E as far as D, the Place which the 
oblique Truſiun drides ii wit; ff r 57 on bn & yoni 
7 12 eb boos. e 3h 17. air bo £11 

6. (20 — In all theſe Caſes the Teaver is ſtill ſaid to be of the firſt Kind.] 
There is another way of diſtinguiſhing the Leavers, according to Ariſtotle 
and the Mechanical Writers among the Ancients; and that is, as the Weight 


F 


does, or does not, riſe in the fame Direction as the Power, As for example, 


in the Leaver of the firſt Kind; as it has the Fulcrum (Center of Motion, or 
[!1pomechlion) between the Power and the Weight, the Power muſt move 


downwards whilſt the Weight moves upwards; and that Leaver is by thoſe 


Authors called the Heterodromur Leaver; that is, avorking or moving different 
'Vays. But the Leaver of the ſecond, and likewiſe the Leaver of the third 
Kind, are both called Homodromous Leavers, becauſe the Dower and: Weight 
being on the ſame Side of the Hypomoc hlion or Propping point, they both: go 
the fame Way, though in the | 
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one the Power always gains, and in the other 
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Annotat. If we examine fuch Inſtruments as we have in common Uſe, we mar 
Lect. III. plainly ſee that they are Leavers of one of the three Kinds, As: for ex, 


Plate 14. 
Fig. 12. 


Plate 14 
Fig. 16. 


| + 30. 


ample, a Pair of Pincers * is made up of two Leavers of the firſt Kind; 
whoſe common Center of Motion is at the Rivet C, the Power being ap- 
plied at the Handles B&H to preſs them together, and thereby pinch the 

ody D as a Weight at the oppoſite End Ata; in Which Caſe, the Power 
acts fix times more ſtrongly than if applied directly to the Body D a 
A, a; ſince in the two Leavers A B and ab the Diftance of the Power 
BC and 5 C is triple the Diſtance of the Weight CA and Ca. Song 2 
Pair of Sciſſors + made-up of two ſuch Leavers, whoſe common Center 
of Motion is C, the Power being applied at B &, and che Body to be cut 


as a Weight at D; where it is evident that the /neater D is to the Points 


A, a, the greater will be the Difficulty in cutting t; and the leſs, the nearer 


it is brought to C. The Force of a Leaver in this Way, is remarkable-in 
the Braſier's or Tin- man's Sheers“, » whereby: one: Matt ꝑreſſing upon the 
Handle B raiſing the lower Sheer A C, moveable about the Center C, is 
able to cut a Plate of Brafs or Copper: Dia quarter of atb Inch thick, the 
other Sheer a CE being riveted to: a couple of ſttong: Standards fixed into 
the Block F. Nippers, Forceps, Snuffers, and other ſueh-Inſtruments may 
in the fame manner be found: to be Leavers of the firſt Kind. The little 


Cart or Carr BC A *, very uſeful in Building, is alſo a Leaver of the firſt 


Kind: It is made to lifts great Stones, and carry them to the Builders; 
upon the farther End of whoſe Plank or Bottom Agthe Stone D being laid, 
and with a little Pains moved towards & by wrigling the Plank the Force 
of one Man, by taking hold of -the:long Handle at B, and weighing it 
down as it turns about the Axle · tree of the Bleu E F as the Fulcrum, 
will be able to raiſe that Stone; and being raiſed; by Help of the Wheels, 
be able to convey it to the intended Place. VV 

The Cutting · knife * uſed by Druggiſts and Patten- makers, to cut Drugs, 
or the Wood they.'\uſe; is moveable on the Joint or Center of Motion C, 
whereby it is faſtened to the Plank CE ; the Power is applied at the 
Handle B, and the Weight is D, the Wood or Drug to be cut: This 
ſhews the Inſtrument to be a Reaver: of the ſecond Kind . So is à Door, 
whoſe HN inges are the Center or Axis of Motion, the Hand or Power be- 
ing applied at the Part tqwards the- Lock, whilſt the Body of the Door 


ae CERES 


is the Weight. A Pair of Bellows are two Leavers of the ſecond Kind, 


whoſe common Center of Motion is at the End of the Boards where the 


Noſe: begins, the Power heing applied at the Handles, whilſt the Air te 


be preſſed out between the Boards, by its Reſiſtance acts againſt the Mid- 


Latch of a Door, when drawn up by a String, is a Leaver 
Kind; as are allo jointed Nut- crackers, Horſe-barnacles, Sc. 


dle of the Boards as a Weight. Thus one may eaſily perceive that the 
arc . . 2 of the ſecond 
The Qars 
of a Boat or:Galley, and the Rudder, are alſo Leavers of the ſecond Kind, 
though Ariſtotle ſuppoſed them Leavers of the firſt ; but the Error Jies 17 
this, that he conſidered the Water as the Weight to be moved e 


— 


che Boat or Galley is the Weight to be moved. For the Water makes Annotat. 
Reſiſtance at C * as a, Fulcrum, the Man or Power acting at B, whilſt the, Lect. III. 
Veſſel FD is moved by that Part of the Leaver which preſſes on it at wwe 
the Point D, as the Oar in Fig. 17. and the Rudder in Fig. 18. But A. + oh 
fotle, in his Mechanics, rightly reckons the Maſts of Ships among Leavers * = 
of the ſecond Kind, aſſigning the Fulcrum or Hypomochlion to be in the Bot- 
tom of the Ship B, conſidering the Ship itſelf as the Weight or Burthen, + Plate 15. 
reſting with its Upper-deck C upon the Maſt, as upon a Leaver, and fo Fig. 1. 
o be moved forwards, _ Laſtly he affirms, the moving Force to be the 
Wind gathered in the Sail, which, by the Help of the Sail: yard, is applied, 

to A; and then he gives a Reaſon from the Principles hitherto delivered, 

why, the higher the Yard DAE is, ſo much the ſwifter the Ship will 

be carried with, the ſame, Wind and Sail; viz. becauſe the farther, the Ful- 

rum is from the moving Force (all other Things being at the ſame time 
conſidered) ſo much the eaſier will the ſame Power or Force move the 
Weight. FA | f | I 


- 
* 


The ſame Inſtrument, according to its different Application may be a 
Leaver of the firſt or ſecond. Kind As for example, when a Man who has, 
carried a Stone upon the Carr? goes to deliver it at the Place intended, fo,* Plate 14. 
as to Jay it upon its Side 2 he Jets the End of the Plank reſt upon the Fig 15. 
Ground at E, and lifting up the End B, turns the Stone over; which Ope- 

ration changes the Leaver from one of the firſt Kind into one of the ſecond, 


where E is the Fulcrum, B the Power, and the Weight is at 4. 


The Sheep-ſheers Þ are two Leavers of the third Kind; the common + Plate 15. 


Center of Motion being at the ſpringing Bow:at C, whilſt the Power or. Fig. 2. 
Hand is applied at, Pp, and the Wool to be cut is the Weight at W. 
Thus are the two Legs of a Pair of Tongs viſibly Leavers of the third. 
Kind. A Ladder or a Pole to be reared againſt a Wall, are alſo Leavers. 
of the third Kind. But the Uſe of the Leavers of the third Kind is moſt. 
beautifully ſhewn, in the animal Body, where the All-wiſe Creator has ſup- 
plied Animals with, a Means to move the Limbs with great Velocity, by 
applying the Power of the Muſcles very near the Center of Motion; but art. 
tne fame time giving the Muſcles ſuch very great Force, as to perform 
their Office very ſuddenly, raiſing the Limbs even when great Weights 
hang at their Extremities ; as for example, when we lift Weights with our 
Hands or Feet, or when we hold or break. hard Bodies with our Teeth. 
There is ſcarce a Bone ip the Animal Body but what is a Leaver of the 
wurd Kind., It is: a delightful and curious Contemplation to conſider what 
Proportion is obſerved in the Animal Body as an Engine from which Art 
only copies faintiy: There we may ſee various Applications of Powers, and 
how they help each other in moving the Limbs, ſometimes acting jointly 
a the ſame time, ſometimes ſucceeding one another to change Directions, 
and ſometimes acting againſt each other to ſtop and check Motion; at other 
umes drawing over Pufleys to alter the Angle of Traction, as need requires. 
But this Subject is ſo copious, that we can only give one Inſtance or two 
| here : 
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Annotat. here; referring the Curious to confult Hipbonſus Borelli, who has written za 
Lect. III. whole Book upon that Subject (viz. de Motu Animalium) and from whom 
e ſhall take only a few Examples. Here follows the 2 1ſt Propoſtion of his 
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Prior 0:54 Tit pov. 
. « The abſolute Power of every animal Muſcle, muſt neceſſarily be greater 
Plate 15. than the' Weight of the Limb ſuſpended” by it, but never leſs. Plate 1 5. 
Fig. 3 and le ( Fig. 3 and 4. og k : | wy 1 a c Ta n 4 7 4 * 
15 All. wiſe Nature has fo contrived the Shape of Animals made up of 
„ ſeveral Organs joined together, as to enable them to move from one 
<« Place to another, and perform the N required for the 
e Preſervation of Life. But this could not be done by giving an Animal 
an orbicular Shape like a Ball, but it was proper that he ſnould be made 
« up of ſeveral Articulations, ſuch as Hands and Feet, to walk about and 
handle Objects. But theſe Limbs could not move about Joints, unleſs 
they were drawn by muſcular Cords, and thoſe Cords were contracted 
« by a moving Force. We are going to ſhew, that that moving Force or 
*© Power muſt not be leſs, but neceffarily greater than the Weight and Re. 
<< ſiſtance of the Limbs ſuſpended. Let us conſider any Limb, for exam- 
<« ple the whole Arm; it is plain that it was neceſſary for it to move round 
every way about the Joint of the Shoulder, that it might be able to draw, 
„ ſuſpend, and impel the Reſiſtances as well of the Weight of the Arm as, 
of external Bodies to be handled: Such Operations requirè a proper Fi- 
% oure, Forces and apt Inſtruments, and all fitted for that Purpoſe. The 
„ Fhape without doubt muſt be long like a Leaver moveable about a Cen- 
ter, or the fixed Point or firm Fulcrum of the Shoulder. Then in the 
« Leaver muſt be conſidered the Poſitions in which the moving Power 
<« and the Reſiſtance are applied. The moving Power acts by contract. 
ing the muſcular Cords, which can only be. faſtened near the Center of 
„ Motion of the Leaver, as has been ſaid before“, whilſt the Reſiſtance 


; 2 

Our Author in his 2oth Propoſition has * the Arm; and let the Muſele D E be faſtene d 
ingeniouſly ſhewn, that the Tendons to move * to G the fixed End of the Shoulder at G, 

the Bones could not conveniently be faſtened * and let its End be joined to E, the End of 

near the End of the Bone (at a great Diſtance the lower Bone of the Arm or Cubit AB; 

from the Center of Motion, as we endeavour * which End muſt be drawn round the Cen- 

to do in mechanical Engines) but near the ter of the Articulation C, deſcribing the 
Articulation or Joint. Theſe are his Words: Arc BH: I ays that Nature neither could, 

„plate e. © Let there be two Bones AB nor ought ho faſten the tendinous ſal Þ 

Figs afl „ and GF joined and articulated. . near the End B of the Bone A B. For k 

at AF, namely in ſuch Manner could be, let us pot the Connection k. 

© that AB may be drawn round C the Cen- to be made near B the Wriſt, and then the 
ter of the Articulation, as the two Bones of Tendon, and the Muſcle DE is either _ 
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+ is applied at its utmoſt Length or farther End; therefore the Pœmer: Annotat. 
BG: will always be to the Reſiſtance :: as the greater Diſtance of the Reſſtance: Lect. III. 

v tbe leſſer Diſtance of the Power from the ſame fixed Point. Conſequently / 

WS: the moving Power is greater than the Reſiſtance. . 
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5 « PRO POSITION XXII. 


u The firſt Enquiry of the abſolute apparent Force, which. can be exerted 
k« by the two Muſcles, the Biceps and Brachiæus, . bending the Cubit (on lower 
k Bone of the Arm) when the whole Arm is in a ſupine and horizontal Situa- 
ion; which is greater than twenty times the Weight that. is ſuſtained. by 
k« them, and exceeds the Force of 560 Pound Weight. Plate 13. Fig. 4. Plate 15. 
« Let the Humerus E A, and the Cubit and Hand A B, be- almoſt in Fs. 4. 
a right and horizontal Line, but ſupine (that is, with. the Elbow down- 
wards) and let the Cord & B fold about the Ends of the Fingers of the 
expanded Hand G, to which Cord at & hangs: the Weight R, which 
muit be increaſed by degrees, till the Exceſs of the moving Power of 
the Muſcles D C becomes wholly inſenſible, and they can ſuſtain; no 
„ more Weight than R, but be juſt able to hold it with a Force brought 
* to be equal; then we may judge that the Momenia of the Powers of 
„the Muſcle, and of the Weight, afe, wholly. equal, neither of thoſe 
Forces overcoming, the other. Now Experience ſhews us, that in a 
| | ä 


and may be ſeparated from» the Limb and ! ſuch a faſtening af the Muſcle, which re- s 

the Bones DAB; or it is bound down to * quires-ſo prodigious a Contraction (name- 

by ſome Ligament or Faſcia as R. If ly, of above a Foot and a half) would be 

be ſfrt, the Conſequence will be as follows: * altogether impoſſible. But the Abſurdity 

= cauſe the Bone AB cannot be turned up of ſuch à Poſition will moſt evidently ap- 

P towards F G quite to the Situation AH, pear, if we ſuppoſe the Bone AB to be * 

F unleſs it be drawn by the Contraction of . * Humerus (or upper Bone) of the Left Arm, 8 

de muſcular Cord DE, in which Caſe its * which is to be moved every way round tze 

Leagch DE, in order to be ſtiorten'd to 8 of the Shoulder C; that it may be — 414 

du, muſt become leſs than the eighth Part brought to the Breaſt, it is plain that it 

DE, which Mortening in the Arm, will, muſt be drawn by the Muſcle k. D fixed to 

de of above a Foot and an half; this will * D, the right Side of the Breaſt. * Another. 

dor only be troubteſome; but even impoſſi-Muſele to faiſe it up mult be ſixed on the Top 42 

be. It woulbe troubleſome, becauſe the of the Head, _ the; Muſcle/to bring it | 1 
Breadth and Thickneſs of the Arm would |, down muſt have its Orig in in the lower Part n 
be Wr to take in the Dimen- of the Belly ; which Muſcles, together with 

WE on": CM equal to CE; fo that the Arm © thoſe of the right Arm, require # vVaſt welled 

aud apon this account only become as Space like a great Tun: and the ſame would 

WE ig a5 the Belly of the Animal, which! mon- be required for the Muſcles of the Feet, 

Thickneſs would hinder the reſt of; © which would make a Man ſo far from bei 

WE i Motions of the Arm and of the Animal. well jointed and clean Iimbed, that hownoald 

ww becauſe the Structure of àa Muſcle is * be a ridiculous unwieldy /Maſs, unfit fot 

WE {oc that it can be contratted but a little; +: Motion and handling of Bodies 3 therefore 

5 {Nom above two or three F inyers Breadth;. * ſuch a Shape was entirely to be rejected. 


* 


5% 1 
3 1 
— * 
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nearly equal to 4 Pounds, and this Weight acts, not in the End bf the 


Leaver as at B, but in the intermediate Place H, namely where its Cel. 
< ter of Gravity is; therefore if another Weight of 2 Pounds be ſuſpended 
« at B, which has the ſame Proportion to the Weight of the whole Cutir 


ce as the Diſtance OH to OB, we ſhall have for our Leaver an indiviſit|.” 


Line and without Weight, at whoſe End B are ſuſpended two Weights, 


« namely R and the Weight of the Cubit, that is in all 28 Pounds; ard 
then becauſe. the Direction CD of the Tendon of the Muſcle that dran; 
© makes a very acute Angle with the Line CO, *betayſe\the *Tenton of 
„ the Muſcle exactly touches the Head of the Joint A, we muſt fronthe 
«© fixed Point or Fulcrum O draw the right Line O perpendicuher to Cl 
« the Direction of the Tendon, and then from the Printi ples above demor- 


e ſtrated it will appear, that be Power drawing the) Muſele=D'C : bur th 


* Plate 15. 
Fig. 5. 


« ſame Proportion to the Keſiſtance o, tbe Weight R, tegel ber unib 'the addi 
© tional Weight above-mentioned *:'as'the Diſtance OB: bai to the Diſtance 


«© IO. But by a ſttict Examination it appears that OB, che Length of 


e the Cubit and Hand, is more than twenty times greuter than the demi. 
& diameter of 10 the Head“ of the Bones Therefore the Strength and 
% Power drawing the Muſcle DO is above twenty times greater than the 
Weight Rand the additional Weight; and ſince the two Weights are equi- 
« yalent to 28 Pounds, therefore the apparent Force with which:the Mulcle 


« draws the Cubit and endeavours to bend the Elbow, is greater than the 


« Force of 3660 Pounds. 
„„ 
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one, becauſe the Tendonlat I is firml hound Juth. neuern Fo. 
and the outward Skin, which Eigaments ſerve as a Pulley to,keep 15 
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“ muſt be added the whole Weight of the Cubit and the Head, Which are 
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« Tendon towards A the Angle of the Joint; but yet the Tendon I C Annorat. 
« i« not ſo cloſely bound down at I, but that it riſes a little, and there- Lect. III. 
« fore the right Line OT perpendicular to the Direction of the Tendon — 
El becomes ſenſibly longer than in the foregoing Caſe, as we may find 
by feeling our Arm: and therefore the Diſtance O B will bear a leſs 
Proportion to IO, than it was found to do in the former Situation. But 
whatever Proportion the ſaid Diſtances have, the ſame reciprocally will 
the Force contracting the Muſcle DC, and drawing the Bone, have to 
the Reſiſtance of the Weight Rand the Weight of the Cubit together: 
Therefore that Force will bear a leſs Proportion to this Reſiſtance, than 
20 to 1; and if it appeared by the foregoing Enquiry that the greateſt 
Force of the Biceps and Brachizus Muſcles was equal to the Force of 
560 Pounds; it will appear from the preſent Enquiry, in which the great 
Weight R is of 33 Pounds, and, taking in the Weight of the Cubit, 
equal to 35 Pounds, that the Diſtance OT is only a ſixteenth Part of 
the Diſtance OB, and not, as before, a twentieth Part of it; and there- 
fore that the Diſtance I O being ſenſibly increaſed, there muſt of conſe- 
quence be raiſed a greater Weight now, namely 35 Pounds, by thoſe 
Muſcles. Fs Cn SD ; N 
Here we muſt take notice, that though by reaſon of the bending of 
the Limb E AB the Muſcles are not ſtretched as before, but muſt be 
in ſome meaſure relaxed; yet the moving Force of each Muſcle has a 
leſs Power of contracting, becauſe really the Muſcles D C are not both 
fixed to the Top of the Humerus; for the Biceps is faſtened to the Scapula 
or Shoulder-bone HL E at L, but the Bracbiæus to the Middle of the 
Humerus. And becauſe the Scapula HE L is always in the ſame and 
+ tranſverſe Situation, the Humerus E A revolving about the Center E of 
its Articulation, muſt make the Angle LEO with the Scapula the leſs 
acute, the more the Humerus is bent downwards; and then the Origin 
of the Biceps Muſcle D is more raiſed, and recedes farther from the Top 
of E the Head of the Bone, becauſe the Length of the Line L DI ſub- 
tending the Angle LE. O is increaſed, and therefore the aforeſaid Muſ- 
cle is ſo much the more ſtretched as the Humerus is bent downwards. 
Therefore though by reaſon of the Angle E OB the Bracbiæus Muſcle 
be relaxed; yet the Biceps may be fo. much the more ſtretched by reaſon. 
of the Elevation of the Point D above the Head of the Humerus. 


e PR OF OSITIOo&N XXIV. 


-" 


Hence probably may be ſingly found the apparent abſelute Forces of the Bi- 

ceps Muſcle, which is equivalent to 300 Pounds, and of the Brachiæus, 

which is equal to the Force of 260 Pounds. Plate 15. Fig. 6. + Viate 15. 

6 0 the Humerus O E be ſent backward in order to make the Angle Fs: © 

* 2 acute as may a aa let the Cubit A B be inflected lo 
. | ; © as 
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Annotat. as to become parallel to the upper Line of the Scapula HI. 
ect. III. “ the alternate ee Angles HD and CID will be — to — 2 
and then, as much as the Biceps Muſcle DIC is relaxed on account of 
* the Acuteneſs of the concave Angle CO E, juſt ſo much is it drawn and 
« ſtretched on account of the convex Angle H DO : therefore the natural 
«© Tenſion of the Biceps Muſcle is in no wiſe altered, and remains exact y 
« of the ſame LD as it had in the horizontal Situation of the whole 
„ Arm; and as it ſuffers no Relaxation, it will have the ſame Force of 
« contracting itſelf as it exerted in the horizontal Poſition, + But the Bra. 
e chizus Muſcle has not the ſame Advantage, its Origin being in the Mid- 
e dle of the Humerus at F, and its End or Inſertion at I, near the Head of 
te the Cubit; and becauſe the Angle EO is acute, therefore the Bra- 
« chizus Muſcle muſt ſuffer the greateſt Relaxation, and therefore exert 
“little or no motive Force, In this Caſe therefore one may find the mor- 
„ing Force of the Biceps alone; (that is, if the Diſtance OI from the 
« Tendon to the Center of the Head of the Cubit be not varied.) Let us 
«© ſuppoſe the 50 55 R ſuſtained in that Situation, together with the 
« Weight of the Cubit, to be equal to 25 Pounds; and becauſe the Diſtance 
« TO is almoſt a twelfth Part of the Radius and the Hand B O, therefore 
te the abſolute Force of the Biceps Muſcle will be twelve times greater than 
the appended Weight R together with the Weight of the Cubit; that is, 
s it will be equal to the Force of 300 Pounds, when the Bracbiæus exerts 
t no Force by reaſon of its very great Relaxation. Then becauſe the joint 
Forces of the two Muſcles, the Biceps and the Brachizus, working toge- 
d ther in the firſt Experiment, were equal to the Force of 560 Pounds; if 
from that Force we ſubtract the moving Force of the Biceps alone, juſt 
« found to be of 300 Pounds, the remaining Force of 260 Pounds vill be 
<* that which was exerted by the Brachieus Muſcle, and that was the Thing 
eto be enquired into. | | 


« PROPOSLTION XXV. 
& To ind what Force the ſame Muſcles exert ben tht Cubit * down- 
: ch whilſt the Humerus is kept perpendicular to the Horizon. Plate 15. 
1 Re 2 | . 
= . let the Humerus E A, and the Cubit A B, be in one direct Line 
and perpendicular to the Horizon; then the greateſt Weight to be ſuſ. 
pended at B, might be almoſt immenſe, if the Strength and Tenacity of 
the Ligaments could always reſiſt and was wholly inſuperable. 
« If afterwards the Cubit be a little inflected, ſo as to make an obtuſe 
Angle E AB with the Humerus which is now perpendicular to the Hor- 
zon, and an acute Angle BAK, with the horizontal Line OK, then 
indeed may the great Weight R be very much increaſed, becauſe if 
from B the Line BK he drawn perpendicular to the horizontal Line 
« AK, then the Weight R drawing the Leaver A B obliquely, as * 


3 . 


« having IO for the Diſtance of its Line of Direction ; and conſequently 
« the abſolute Power that contracts the Muſcle (which is always the ſame) 
« has the ſame Proportion' to the Reſiſtance of the Weight R, as KO has 
« to 10. Therefore it K O be only the double of OT, the Weight R, 
« whick is ſuſtained in that Poſition, will be half of the whole abſolute 
« moving Force, and therefore equal to 280 Pounds; and if the Diſtance 
| « OK be leſs than OT, then alſo will the Weight R be greater than the 

moving Force of thoſe Muſcles. ; | 
Hence may be gathered, that i 
| « hit, the Effect of the ſame Force which draws the Muſcle is continu- 
ally diminiſhed ; becauſe the Length of the Leaver O K is ſucceſſively 
« jncreaſed, and therefore the Weight R muſt be decreaſed in the ſame 
« PROPOSITION XXVI. 


« borizontal Situation, Plate 15. Fig. 8. 


The Force of the Muſcles bending the Cubit may be exerted in an- 
* other manner, namely when the Cubit A B being in a ſupine horizontal 
dSituation muſt be inflected downwards — by the Muſcles D C, 
yhich are now below the Cubit; for the Cord BL G being thrown over 
the Pulley or Wheel ML, moveable about a fixed Axis M, it is evi- 


then the Leaver whoſe Fulerum is O, and the Weight R draws the End 


draus down the Leaver AB from I towards D. And therefore thoſe 
* Things which have been ſaid before, will alſo. be verified here, only with 


© wards, not only by the Reſiſtance of the Weight R, bur alſo the Weight 
of the whole Cubit and Hand ; but on the contrary, here the Weight of 


* to draw; becauſe, that as in this Situation the Muſcles draw down the 


Fowers taken together have a Momentum equal to that of the Weight R. 
And as in the firſt Caſe the Weight of the Cubit was added to the Reſiſt- 
ance of the heavy Body R, now it is added to the Power of the Muſcles; 
and becauſe the greateſt Power of the Muſcles DC was ſhewn to be 


« 


uo Pounds added to R are in Æguilibrio with the Weight of the _ 
2 = * 
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the ſame manner as if it had been ſuſpended in the Point K of the Leaver Annotat. 
= «OK; and therefore we have now a new Leaver O K ſhorter than OB: Lect. III. 
« but the Force of the Muſcle raiſing the Leaver draws from the Point I, wv 


n the Flexion, or Elevation of the Cu- 
« To find the Force of the ſame Muſcles, when the Arm is placed in a ſupine 


dent that whilſt the Hand B deſcends, the Weight A is raiſed, AB being 
B of the Leaver upwards towards L, and the Power of the Muſcles DOC 


| © this Difference, that in the former Caſe: the End B was drawn down- 


che Cubit does not act counter to, but helps the Power of the Muſcles: 


* (ubit, ſo the Cubit alſo acts downwards by its Gravity, and theſe two 


" ud to the Power of 560: Pounds *, therefore if the Leaver AB was * By the 22d 
© of no Weight, when the Diſtance O B is found to be twenty times the Fx 5 above 
Diſtance OI, the Weight R ought to be of 28 Pounds; but becauſe the ed. 
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Annotat. “ (that is, as they render it a Leaver without Weight ;) therefore the 
Lect. III. Weight with its Adjunct making up 30 Pounds, will be the greateſt 
Weight that can be ſuſtained by the Force of the Muſcles in that Situs. 
cc tion. 5 | +42 ah Hs CV 
** This may be ſhewn another Way, becauſe the deſcending Weight of 
the Cubit being as 2 Pounds hanging at B, is made to act equally wih 
a drawing Force of 40 Pounds applied at I, (by reaſon of the reciprocal 
twenty - fold Proportion) and the proper Force D CI will be of 569 
Pounds; therefore this Force, together with the Momentum of the Culit 
3 ys with it, will produce an Effect equal to the whole Weight of 660 
Pounds. t 88 | 


But what appears moſt wonderful, is the Force of the Muſcles that 
move the lower Jaw, which the ſaid Borelli confiders in the 8 7th and 88th 
Propoſition of the firſt Part of his Book abovementioned; where he ſhews, 

that thoſe ſmall Muſcles, all which taken together do not in a Man exceed 
the Weight of one Pound, do yet exert a Force equal to 534 Pounds; 
and in Maſtiff Dogs, Wolves, Bears and Lions, have a Force vaſtly ſupe- 

1 3 rior, to enable them break large Bones, as they do daily in their Feed 


7. [35. —— And if the Arm CW be ſet ſtreigbi in a Line with PC, 
&c. —— the- Inſtrument will plainly appear to be 'a Leaver of the firſt Kind. 
Though the bended Leaver is not an Inſtrument of common Uſe, except in 
the Hammer and Tools of that Kind, yet the Conſideration of it is very 
neceſſary in the Explanation of ſeveral Machines that virtually contain ſuch 
a Leaver; eſpecially in ſtatical Propoſitions, of which we will here give 
48. 49, 50, ſome Examples. The Caſes of the Inclined Plane and the Wedge * may 
9 Plate 10. be Clearly ſolved this way. As for Example, when the Weight P f ſuſ 
Fig. 14. tains the Weight W upon the inclined Plane A B, drawing the Center of 
the Weight in the Line MW parallel to the Plane, one may conſider in 
the ſaid Weight the bended Leaver W T n, whoſe longeſt Brachium is WT, 
and the ſhorteſt T. Now, as the Line of Direction of the Power is 
MW parallel to the Plane, T W acted upon at right Angles muſt be the 
Diſtance of the Power; and as Wu is the Line of DireQion of the Weight, 
„Tat right Angles with it muſt be the Diſtance of the Weight; conſe- | 

quently as n T (the ſhort Arm of the bended Leaver) : is to WT (its lg 
Arm) : : ſo is the Power P: to the Weight W. Now, as the Triangis 
| WT and ABC are ſimilar, the Power thus confidered : is to the Weight: 
| 2 BC the Height of the Plane: to its Length A B; which was proved in 
8 49 · its Place“. But if the Power had drawn the Weight in a Line paralle 
to the Baſe of the Plane, which is the Caſe of the Wedge, its Effect might 
| | be thus explained: As the Power acts obliquely at the End of the long 
3 Bracbium of the bended Leaver W T n, its acting Diſtance muſt be found 
5 0 by drawing from the Center of Motion T, T o perpendicular to the Line 
| - of Direction of the Power, which now muſt be conſidered as the 8 
| | 3 
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chium of the Leaver, whilſt 2 T ſtill is the m en ad ated th Ad | 
the Weight at right Angles.” Therefore the Quantity or Intenſity of the Lect. III. 
power II will now be found by this Analogy, N 8 


As the long Arm of the Leaver, now To: 
Is to. the ſhort Arm Tn: 27s | 
SS) WICKS ana. nt 
To I the Power; or the Baſe AC: to the Height CB. 


When I conſidered the inclined Plane as a mechanical Organ “, I only - 48, 49, 50. 
took notice of two Applications of the Power, the one with its Line of Di- 51, 52- 
rection parallel to the Plane, and the other (which reduced it to the Wedge) 

with its Line of Direction parallel to the Baſe of the Triangle, that is, in- 

clined to the Plane as much as the Plane is inclined to the Horizon, the 

Angle WB A (called, the Angle o Traction?) being equal to the Angle 

BAC, becauſe of the Parallels WB, AC; but as in compound Engines, 

and in the Uſe of .Carriages, the Angle of Traction or Inclination of the: 

Line of Direction of the Power to the Plane is very variable, we give this 

Way of conſidering a bended Leaver in the Body to be drawn up for the 

Solution of all Caſes, which will appear by the following Example. 

Let DLB be the Angle of Traction, as when the Power I draws over 

the Pulley p in the Lines L. WT is a bended” Leaver, whoſe Center 

of Motion is T, the Point where the Ball W touches the Plane; » T the 

ſhort Arm of the Leaver, on whoſe Extremity n may be conſidered the 
Weight, as ſupported and preſſing at right Angles, becauſe its Line of Di- 
rection goes through n *® ; and WI the long Arm of the Leaver to which * L. 2. 47. 
the Power is applied obliquely. But as I 2 perpendicular to the Line of 

Direction of the Power is its ading Diſtance, we may conſider T 2 as the 

"0g Arm of the Leaver. Then the whole Caſe will be ſolved by this Ana- 

og, viz. . | f peg „ 


As the long Arm of the Leaver, now 2 T: 
Is to the ſhort Arm In:: 
So is W, the Weight: 
To II the Power. 


| Since one may find this laſt bended Leaver, in any Direction of tlie 
over, that is, in any Angle of Traction, this general Rule for all Direc- 
tions of the Power may be deduced from it. e 


= — Angle of Traftion is the Angle the Power draws in a Line of Direction pa- 
a 4. the Line of Direction of the Power rallel to the Plane, there can be no Angle of 
es with the Plane ; and conſequently when Tradion. | FF 
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Annotat. . 
Lect. III. „„ 


Plate 10. 


Fig. 14. 


* 


third Angle A muſt be equal to the third 
Sine of Inclination for the Radius W q. But as T which is parallel to the 


HForizon falls upon W, which being the Line of Direction of the Weight, 


of Inclination for the Radius WT. Which was one of the Things to be dt. 


ſtrated. 


* 
: 
x 


As the Sine of the Angle of the Plant 
To the Sine Complement of - the Angle f | Traftian : 1 | 
So is the Power: Ta 2 N 
„„ | 


But to prove how the Rule is deduced from the bended Leaver, we muſt 
ſhew that u T, the. ſhort Arm of the ſaid Leaver, is always to its long Arm 
2 T, as the Sine of Inclination to the Sine Complement of the Angle of 
Traction; or that, CB in the Triangle ABC: is to L z in the Triangle 
T Lg: : as T: is to Tz; and then we ſhall draw ſome uſeful Corolla 
%%% ² ⁵— 8 . 


DEMONSTRATION, 


Since W T is perpendicular to A B, and the Angles WT and AgE 
equal, (becauſe they are vertical Angles) the Triangle A g E, (rectangular 
at E) having two Angles equal to two rey fo in the Triangle W qT, the 

Angle g WIT; conſequently the 
Triangles will be equiangular, and therefore ſimilar (by 4 6. Eucl.) and 
asqE is the Sine of Inclination for the Radius A g (becauſe in its ſimilar 
BC is the Sine of Inclination for the Radius AB) ſo allo will 3 T be the 


is perpendicular to it, the Triangle W T is ſimilar to Wq T (by 8, 6. 
£Eucl.) and thus T the ſhort Arm of our bended Leaver becomes the Sine 


monſtrated. © 4 „ „ | DES e 
Further, as T z is by Conſtruction perpendicular to L W, the Triangle 
WZ is ſimilar to LWT (by 8. 6. Eucl.) therefore the AnglezT W 
is equal to WL T the Angle of Traction; ſo that as LT is the Sw 
Complement of the Angle of Traction for the Radius LW, I 2. (the long 
Arm of our bended Leaver) muſt be the Sine Complement of the Angle of 
Traction for the Radius TW, Which was the other Thing to be demot- 


COROLLARY I. 


Hence follows, that when the Line of Direction is parallel to the Plane, 
the Power is the leaſt that can be for that Inclination of the Plane, becauſe 
then the Sine Complement of the Angle of Traction is changed into the Ks- 
dius or whole Sine; that is, T becomes T W, or the long Arm of the 
Leaver W being acted upon at right Angles expreſſes the acting Diſtance 
of the Power; or, ſtrictly i peaking, the Angle of Traction vaniſhes. But 
if the Power ſhould draw directly up in the Line W e, it mult be _ 
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the Weight; becauſe then Wy T being the Angle of Traction, its Sine Annotat. 
| Complement ( W being Radius) would be 1 T, which is equal to the Sine Le&. III. 
of Inclination here expreſſed by the ſaid Line. Hence it is plain, that if an — "; 
Horſe draws a Burthen up Hill by means of a Cart or any rolling Machine, | 
he will draw it with ſo much the more Eaſe, as the Line of Direction by mow 10. 
which he draws the Load comes nearer to a Parallel to the Slope of the- g. 14. 
Mountain along which he draws. | 


COROLLARY IE 


It follows alſo, that if the Line of Pirection, as BW and w W' parallel. 
to AB, make the Angle w W B equal to the Angle w W D, the Power ap- 
plied at B will be equal to the Power applied at D; becaule in ſuch a Caſe 
the Angles of Traction WLB, W BL will be equal, ſince by 29. 1. Eucl. 
the Angle WLB is equal to its external oppoſite DW, which is ſup- 
ſed equal to the Angle w WB, and conſequently to its alternate WBL. 
hence it follows, that if the Line of Direction of the Power, as Wa, and 
the Line W T perpendicular to A, make the Angle T Wa equal to the 
Angle of Inclination A (or q WT) the Power applied at 4 will be equal to 
the Weight by Cor. 1. becauſe then the Angle of Traction Wa L is equal 
to the Complement of the Angle of Inclination A; that is, W a L is equal 
wWqgamABC.. 55 : | 


COROLLARY III. 


Laſtly, it follows alſo, that if the Line of Direction of the Power be 

| WT at right Angles to the inclined Plane AB, which makes the Angle 

of Traction a right one; the Power applied at T, or in any Part of the Line 

II, muſt be infinite. That is as much as to ſay, that a Power that ſhould 

draw the Weight W directly from the Plane, or directly againſt it, would 

| Not keep it there, let its Intenſity or Force be ever ſo great; becauſe in that 

Caſe the Sine of the Complement of the Angle of Fraction is reduced to 

nothing, or being infinitely ſmall, the Power applied at T muſt be infinitely 

great; ſince, by what we have ſhewn, that Power: muſt be to the Weight:: 

6 py _ of the Angle of Inclination : is to the Sine Complement of the Angle 

raction. | NE | | 

Before I quit this Subject of Bodies ſugported or drawn on inclined” 

Planes, 1 beg leave to apply what has been ſaid in the ſecond Lecture “, to * 28, 35, 474. 
lhe generally why a Body will be ſuſtained on an inclined Plane by an- 

Aher Body of leſs Weight (if the former be drawn in a Line of Direction 

Parallel tothe Plane, and the latter hangs perpendicularly) when the Weight 

of the great Body: is to the Weight of the little one:: as the Length of the 

F ane: is to its Height. The whole is deduced from this Principle laid 

w and explained in the ſecond Lecture, viz. That if the Center of Gra- 

"4 of a Syſtem of Bodies does not deſcend, the Bodies cannot deſcend... 


r bh. 3 onal = 


Now., 


. N „ 8 
— 1 . a 7 : 1 1 
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Annotat. Now to apply this to our Purpoſe,” ADB * is an inclined Plane, whoſe 
Lech. UI. Height is DB. If by means of a Pulley P the Weight w hanging per. 
. — pendlicularly does by a String hold the Weight W on the inclined Plane, 
- FP iy any '5* and thoſe Weights are to one | another, as the Length of the Plane to i | 
8. Hleight (Which here is as 2 to 1) they will remain at Reſt (that is, K 
eech other in Agquilibrio) whatever Part of the Plane W is laid on. Firf 
let the Situation of the Bodies be W and w; draw the Line m x which 
Joins their Centers of Gravity, and having found their common Center of 
* ByL.2z. Gravity at C* (CA 2 Cm) draw Hb an horizontal Line through tha 
common Center; and then whatever Poſition the Bodies are in, or What. 
ever Part of the Plane W be placed on, their common Center of Gravity 
will ſtül be in the horizontal Line Hs. If W be removed to V, w wil 
fall to u, and the common Center of Gravity will be at &, If the Center, 
of the Bodies be at E and e, their common Center of Gravity will be at K, 
ſtill in the ſame Line H; which may be eaſily proved, becauſe the Tri. 
angles 1 C, mH C, bg, rok, Sc. are all ſimilar. Since therefore ther, 
is no Poſilion of W on the Plane, and of w in the Perpendicular w q, whic 
can alter the Height ef the common Center of Gravity of the Bodies, they mu 
5 in ZEquilibrio, becauſe they cannot fall unleſs their Center of Gravity deſcend, 


; 13 3 Xx 3 i” 
2 A # Þ 0 f > a 9 = — 5 * 
4 , 3 
- ” i. © 5 F ; =. 5 F 1 0 . © ; 
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* 


Hence alſo appears the Reaſon why two unequal Bodies will ſuſtain each 
1 other upon unequal Planes of the ſame Height, whoſe Lengths are to one 
plate 15. another reciprocally as the Bodies. For example, let the Weights F and G“, 
Fig. 10. joined by the Cord FP G running over the Pulley P, be to one another in 
5 Weight as the Planes AB, BD (whoſe common Height is B E) on which 
they reſpectively reſt. Find their common Center of Gravity C, and through 
C draw an horizontal Line; then you will find as before, that however you 
alter their Situations on their reſpective Planes, their common Center of 
- j1s e ſtill be found in the ſame horizontal Line that goes through | 
Ga TC, | 328 Ed vn 1 11 | Tart. Fx = | 


RR 7 8 — EE ä n e — = 
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8. (57. — An upper or fixed Pulley adds no Force to the Power, but on) 
prevents the Friction by making the Rope run eaftly ; and ſo much the mort, 4s 
the Sheever is bigger than the Center- Pin upon which it turns.] How much 
the Friction of a Roller or upper Pulley is diminiſhed in proportion as the 

Center · Pin, or the Gudgeons are leſs in Diameter than the Wheel or Roller, 
I. ſhall exactly ſhew in the next Lecture. Now I ſhall take notice of the 
Diminution of Preſſure upon the Center - Pin of a Pulley, which always hap 
pens in a certain Proportion of the Weights which hang on each fide, when 
they are in motion, and that without regard to the Bigneſs of the Pin, which 
in this Caſe may be conſidered as a Line. The Thing in general 1s com. 


prehended in the following 
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„%% 0 tbr cop | Annotat. 1 

. | Lect. III. iÞ 

hen a String or Rope runs over a ſingle Pulley or Roller by the Deſcent of E 

the preponderating Weight (the other Weight riſing at the ſame time) the Preſ- . 

lure on the Axis of the Pulley is always equal to the Quadruple of the Produtt 1 

uf the Weights multiplied into one another, and divided by the Sum of the ſame i* 

J Ve 19 þ b. | ; | q | | 
FLATE-AV- : P18. TH | Plate 15. {4 

| Ed : | | 11. 448 

The Pulley is DE, its Center C, the Weights p and 4, and the running 11 

Rope p Dy Eg. I Jay, that the Preſſure on the Axis or Center C is = Er 

4 , | q b : 

PLATE XV. Eg. 12. Plate 15. 1. 
Fig. 12. 1 

The Pulley being repreſented in this Figure by the ſame Letters as be- | 1 
fore, draw-at pleaſure the Lines Dd and Ee, in which the Weights riſe 400 
or fall. Draw from the Center of the Pulley C &, parallel to the ſaid Lines 4 
| tien through the Point o taken any where in the Line C #, draw the hori- 175 
8 zontal Line pq, and taking the Diſtance p P equal togQ, draw the ob- [9s 
que Line PoQ. From the Point c, the common Center of Gravity of {4 
7 ine Weights, repreſented by the Letters p, q, and ſuppoſed to hang at thoſe "8 
1 Points, let fall the Perpendicular.c g, till it meets the Line PQ. If we ink 
F conſider p 9 as a Balance of unequal Brachia, whoſe Lengths are in the re- be. 
0 ciprocal N of q to p, ſo that the Weights p and q ſhall upon it keep + 
f one another 77 A7quilibrio, we may call cq the Leaver of the greater Weight FP 


„ and pc the Leaver of the leſſer Weight p; and if we ſuppoſe the 
Height 4 to deſcend as far as Q; whilſt the Weight p riſes as far as P, 
Qrough an equal Space) becauſe Pg is to g Qas pc to cq, the Line 


7 ; . 
"3 * 


"SE 


. 


© . 
47 
** 

14 
. 
Le 
"aa" 
Y 1 


y {7 v1.1 repreſent the Deſcent of the common Center of Gravity of the two i 
; WE: 
rn | 1 2 72 
7 DEMONSTRATION. vis 
Tt. x 4 : a 5 ; ; | = 
4 55 Sum of the Weights p: is to their Difference 2 — p:: as 
. N of their Leavers pc-+cq : to their Difference pc =; and 
th "equently-: : as half the Sum of their Leavers o: to half their Piffe- 


hs oc; and likewiſe (by 2 and 4.6 Eucl.) :: as Q the Velocity of 
e Weight deſcending : to cg the Velocity of the Center of Gravity de- 
ending. Now taking OUt of 7 a Weight equal to 2 there remains only 
You; . | £ ; 2 


\ N 
_ 


2 R * 
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7 > : : 


wſoply, | 


— 


2 1 8 7 by give Motion to the Weights by the natural Gravitation of it, | 
Lett. III. But the Momentum of q— p by the natural Gravitation is qv — pv (u be- 
 =v== ing taken for the natural Velocity of the Weight falling) therefore the Ve. 


| locity expreſſed by 7 Quill be 222. But before, we had this As. 


Jo try this practically, I made the following. 


e 
logy, pT 24 — :: 10 6 therefore we have pf 42 
: 77, the Velocity of the Center of Gravity, which will be 


e 


zer 
P 2 p44 


Therefore the Momentum of the two Bodies will be that velocity mul- 
tiplied by | the two Bodies, and conſequently the Momentum of the Fall. 


of the two Bodies will be Z<22 1 + - XV: Now if the two Dolia 
1 7 - 

q+ 7 fell wholly, their Momentum would be qv +p wv; but as we muſt 

ſubtract only that which falls off the Bodies, viz. £2214 2% there 


| | | 3 1 1 
is a Remainder of the Bodies which does not fall, and that Remainder of 
conſequence muſt reſt upon the Center and preſs the Axis. Now this Re- 


mainder, by fnaking the Subtraction, appears to be 1 QE. D. 


SCHOLTIUNM. 


- Hence it follows, that if p be equal to q (in which Caſe there will be no 
Motion of the Weights) the Preflure will be 2 pzp ; and if 9 be in- 
finite, the Preſſure is 4a 5p. | 


o 


> 


ExPTERIMENMT. Plate 13. Fig: 13. 


J ſcrewed a very nice Pulley D to the Bottom of the Scale b of the - 
lance A B moveable round the Center C, and having balanced the Pull 


by Weights in the Scale a, I faſtened to a String the two Weights ? and 


9, weighing 2 and 6 Ounces; then having put the String over the 1 | 
D, I placed 6 Ounces and one Penny Weight in the Scale a, kept — 
riſing by a Thread, which joined in bottom to the fixed Hook Th nb 


the whole Balance hung by another fixed Hook at M. Supporting the 


a TY * 5 k 4 1. 0 5 #1 _ * . ; he ſudden 
gteat Weight q by a Ruler held at e horizontally under it, ] vu 
removed e to give q leave to deſcend; which when it did, the Preſſure on 


the Axis of the Pulley D was fo much diminiſhed (during the Riſe 4 


2 
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ind Deſcent of q) that the Scale a-ſunk by the Action of the little Weight Annotar. 

4, even when it was a great deal leſs than a Penny- Weight, as plainly ap- LeR. III. 

peared by the Thread H a growing lack. | — — 
When q was = 12 Ounces and p=3, the Counterpoiſe in the oppoſite 

Scale was 9 Ounces and 12 Penny-Weight, according to the Theory, and 

the Experiment agreed with it; there being a viſible Deſcent of the Scale 

a, by the Addition of the little Weight d, even when it was leſs than the 

zooth Part of 9, Sc. Take q and p in any other Proportion, and ſtill the 

Experiments will agree with the Theory. | 


This Way of conſidering the Preſſure upon the Axis, may alſe be applied to 
the Axle in the Wheel in the following manner: _ | | ; 
Let AC B“ be an Avis in Peritrochio, whoſe Wheel is AB, C the Center 5 Plate 15. 
or Axis of Motion, and AX the Axle, q one Weight (commonly the rig. 7B 
greater Weight) and Þ the other; the Line 3p, as a Leaver unequally di- 
vided at e, repreſents by its Part q the Arm or Semidiameter of the Axle 
AC, and by its Part op the Arm or Semidiameter of the Wheel CB. 

The Bodies p, q, being in the Situation repreſented in the Figure, and 
o greater than q a, the Part of p which makes an AÆAgquilibrium with q 


will be , and conſequently there will be left of p only p — or 


pb—g de (making V equal to the Velocity with which Bodies fall) 


to give Motion to the two Bodies; becauſe the Remainder of the Weight 
of the two Bodies, p V +q V, namely goV X qayY of the two Bodies of 


Equilibrium q +15 will remain preſſing on the Axis of the Machine. Let 


« be the Velocity of p, the Velocity of q will be >, and its Momentum 


will be — 5 which added to ꝓ A the Momentum of p, gives 2 = LET 


57 to mo whole Momentum produced by the Force or Momentum | 
. | 


7 Therefore fince the Momentum produced is always equal 


do the Momentum which produces it, we have LE IF £ Y. 222 Moos <3 


«hich pives 1 < 24 V ==qaV i e pbaVoganYl.,. 
gives 1 7 1 2bb  qab „which 
gives the Momentum of 22 ? 5 — N x V; which Momentum p 
give it as it bears on the Axis, and conſequently the Axis muſt ſuf- 
er the Preſſure of it, And as g, by its Reaction upon p, will make it loſe 
| Z 2 - 
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1 ee as much (bearing alſo upon the Axis) or will as much retard its Deſ 4 
Led. II. the Axis muſt of neceſſity by this equal Action and Reaction — 


double Preſſure 1 * 5 "ITE wh * V; to which adding the Weight * 
2 


. 
the Axis will be equal to 


= _ — EEC POP NRC 9s 4 ARES oy NaF 7 
* N 4 Wy 
9 4 ' 


K V of the two Bodies of eee the whole Preflure on 


9p34b+990b+3pbqa—qqeaxl 3 
pbb+gab of (dt. 
viding by the Denominator as far as we can) it will be equal to . 
3P6qa—gqgaaxV 
pbb+gab 


| 2 86 \- 22222442. 
| it e ſuſtained the Quantity of Matter 9 +2 pbbEqut 


.. OC IO — 
4 
+ x 
— . ry 
þ C . 


Therefore the Axis bears as much Weight as i 


COROLLARY 1 


If p b = =qa, the Preſſure 1 is + p, or 9+ 16 (according as Þb is {et 


Ok for 9a, or the Reverſe i in the Form 222 22725 r 
85 2 


becauſe in that Caſe * p. 


COROLLARY Il 


If p be infinite, the Preſſure is 9 4-8 5 - or the Weight q together with 


three times the Weight that is able to keep it in AZquilibrio at the Di. 
ſtance of P, as in the Pulley above-mentioned, where the Preſſure is 


8 fo If q be infinite, the Preſſure then is 4 pi 3 and if 6 be infinite, the 


Preſſure is only equal to 2. 


N. B. This may be given as a general Rule for the Preſſure on the Avis, ei 
ther of a Pulley, or of a Wheel and Axle, 94 the two Bodies acting again} 
each other, viz. | | | 


A tube. Momentum of the two Bodies ** freely : 1 
To the Momentum which is loſt when they act on each other by means of i 
Machine : | | 
So is tbe ne, 27 1850 of the Bodies : 5 | 
To the Weight preſſing upon the Axis. The 
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The late Mr. Peter Daude, from whom Thad this Propoſition concerning Annotat. 
the Preſſure upon the Center-Pin of an Axis in Peritrochio,. not having at Lect. | Sp 
| 6: conſidered, that the riſing and falling Weight in the turning the Ari. , 
| in Peritroc bio, partake of the Nature of a Pendulum (becauſe, as they have 0 
different Velocities, they mutually accelerate and retard one another) gave 
me aſterwards the following Solution, wherein that Error is corrected. But, 
:5 it depends upon the Doctrine of Pendulums, which I have only conſi- 
dered towards the End of this firſt Volume, I thought proper not to give 
it the Reader till after I had treated of Pendulums. But, before I enter 
upon Mr, Daude”s Solution, it is proper to premiſe ſomething concerhing 
the Center of Oſcillation.  - 1 0 Is 


1%, The Center of Gravity of two Bodies joined together by a mathema- 
tical Line, is that Point in the Line, where each of thoſe two Bodies acts with 
it; whole Meigbt in a State of Reſt; and this happens when their Momenta, 
which are in that Cafe the Product of their Quantities of Matter, by their 
| Leavers, or Diſtances from that Center of Gravity, are equal. So that that 
Center feels the Weight of both Bodies, ET 


2dly, The Center of Oſcillation of two ſuch Bodies, is a Point in that Line, 
upon which the two Bodies in Motion att with all their Momenta; and this 
happens, where the Products of their Momenta, by their Diſtance from that 
Center of Oſcillation, are equal; in which Point their Forces being equal, 
and their Motions not being contrary to-one another, they act, or fall, ſo that 


this Point moves with the natural Velocity of falling Bodies, and they ſtrike 
an Obſtacle with thetr whole Weight. FEET ot 


2dly, If we ſuppoſe theſe two Bodies revolving round: the Center of Suf- 


penſion, the Centers of Gravity and Oſcillation will both be on that Side, 
where the greateſt Momentum is. - „ 


Ally, If the Center of Suſpenſion be between the two Bodies, the Center 
of Oſcillation will be on the Outſide of the two Bodies. But if the Center 


of Suſpenſion is on the Outſide of the two Bodies, the Center of Oſcillation 
vill then be between the two Bodies. | 


Nou, the Propoſition, according to Mr. Daud?*s laſt Solution, will be 
thus expreſſed, | | | 


PROPOSITION. 


To find the Preſſure, which two Bodies p and q in their Motion, with con- 
trary Directions, exert upon the Center-Pin of an Axis in Peritrochio, or plate 8. 
double Pulley made of one Piece. Fig. 15. 


Let 


3 us ſuppoſe 7 greater than , then the Center of Gravity of the two 
ray p, 9, being beyond their Center of Motion c towards the Body a, the 
Wy g will deſcend and cauſe the Body p to riſe. | 


2 


Therefore 


y 5 4 — % E e oh 2 88 gf v 34 * 
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8 1 95 Therefore to find their Center of Gravity 5, we muſt make uſe of thi 
Lect. III. Analogy; = 
— 127: e 25 and 5 2 BTL which gives x22 


ebe, ang raking that Value from 6 NMDA 185 — th 3 
. . dd 


Now, contiliring the Motion of the two Bodies p, 9, as that of a double 
Pendulum, whoſe Weights P, 4 hang one below the Center of Suſpen- 
ſion, and the other above it, we muſt find their Center of Oſcillation v 


thus ; 
: 3 : P:: ax: 642625555 13: :3＋2: : = go = 
pb+p6 = pob+pav_quatpbb_ 
3 


Therefore ſince the Center of Oſcillation falls with the natural Velocity 
of heavy Bodies, N we eee call V=r, let us make this Analogy 


C0 (£ —_ 0% 26 —— JE . the Velocity of the Fall 


of the moe of Gravity 5s. > reducing the two firſt Terms of this 
Analogy to the ſame Denominator, we ſhall have 105 colggaaty oy 


5 +pqgaa+ppdd): cs (gqaa—2909a+Þpbd):: 


dee, eee = Ig, the e, of the Fall of the 
'g9aa+qpbb+pgaa+ppbb 
Center of Gravity. Therefore multiplying that Velocity of their Center 
of Gravity by the Sum of the two Bodies p +q, we ſhall have the M. 
mentum of their Fall (or ſo much of their whole Weight as actually falls) 


equal to LIE = INT 55 PP he which being ſubtracted from their 
whole natural Momentum, namely from q V + p V, there remains 
ypbb+2qpbatqpan 3 1 ſo much of their 


qaa +pbb | —"qaa+pbd* 
Weight as preſſes upon c their Center (or rather Axis) of Motion. 


; From the laſt Equation 3 one, may be drawn the following ot: 
aries : 


| 
| 
q 


ROS 0.CL OMEN 
If $==g, the Preſſure on c his Axis 1 1 +7 7 as in the ſingle Fuller. 


= C 0- 
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A Courſe of Expe 
_COROLLART h. 

lf q'be infinite, the Preſſure upon the Axis will be 2TH AS ; whence if 
= .=/, the Preſſure will be 4 p, as in the ſingle Pulley. 


"COROGLEDIART Ut 


If 5 be infinite, the Preſſure upon the Axis will be 4, becauſe then the 
Leaver a is nothing in reſpect of the Infinite 5. 5 5 


CaROLI4KT-IV. 


If a be infinite, the Preſſure upon the Axis will be p, becauſe then the 
Leaver ô is nothing in reſpect to the Infinite a. L : 


SCHOLIUM. 


It has been found above, that the Preſſure upon the Center of the 
Axis in Peritrochio, is denoted univerſally by this Expreſſion , 
2 +2 4 7125 22 but when qazPp 5, there is an Equilibrium, and 

4 4 | | | 
then the Axis ſupports the two Weights p +q, and in that Caſe 


qapbb + 2qpba +qpaa muſt =q +p z. which (ſuppoſing it ſo) gives 


„ | | 
40bb + 2q4pba +qpaa=qqaa+gpbb+pqgea+ppbb; therefore 
by Keduction, 2 gpba=qqgaa+ppbb, andgqaa—2qba+ppti=o; 
and by extracting the Square-Root q a—p boo, and conſequently q a=pdb. 
1herefore it is true, that when g a=p b, one may equally deduce from it the 


Truth of our general expreſſion ; namely, That the Preſſure upon the Axis 
B84 ＋ p. Q: E. D. : 


The Weight, which preſſes upon c the Axis of the double Pulley can- 
not be increafed by the Acceleration of the Weight 3, becauſe what makes. 
the Weight of Bodies, which do not fall, by reaſon of an Obſtacle hindering 
them, is only every ſingle Impulſion of Gravitation, and not the Sum of many 
of thoſe Impulſions; becauſe each particular Impulſion is deſtroyed by the 
Obltacle as ſoon as it is given. But the Impulſions upon the deſcending. . 
Veight, do each of them give it a Velocity, which is not deſtroyed ;. there- 
_ the given Velocities, being accumulated, cauſe an Acceleration of De- 
Fon in the Weight 4, whilſt the Weight, that preſſes on the Axis-of the: 

Machine or Pulley, is always equal and the ſame. | 
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V Experimental Philoſophy. i 
'9. [41. — While 2 goes down to a, 1 goes up to B juſt twice as far, be! 
There is another Caſe of railing. a Weight by ſeparated Pulleys, which! 
omitted here, It is mentioned by Dr, Pemberton in his View of Sir Is ade 


. NewrTon's Ptiloſophy. I ſhall firſt give his Solution of it, and then hey + 


how eaſily it may be reduced to our Rules, by proving, that however that 


Caſe is varied; there will be ſtill a reciprocal Proportion between the Power 


® Plate 15. 


"> T5. 


and the Weight, and their Velocities. The Weight W! is ſuftained by the 
Power P, by means of the three Pulleys, C, D, E, of which C is fixed and the 


others moveable, and a Rope goes from the Weight to each Pulley as te. 


* Plate 15. 


Fig. 16. 


+ Plate 15. 


Dig. . 


preſented in the Figure. To explain the Effect of Pulleys thus applied, 
it will be proper to conſider different Weights hanging as in Fig. 16. 
Here if the Power and Weights balance each other, the Power P is equal 
e to the Weight w; the Weight w is equal to twice the Power P, or twice 
the Weight w; and for the ſame Reaſon the Weight W is equal to twice 
the Weight w, or equal to four times the Power P. It is evident there- 
* fore, that all the three Weights w, w, W, together, are equal to ſeven 
times the Power P. But if theſe three Weights are joined in one, they 
* would produce the Cafe of Fig. 15 f. So that in that Figure the Weight 
„ WMW, where there are three Pulleys is ſeven times the Power P. If there 
„ had been but two Pulleys, the Weight would have been three times the 
% Power; and if there had been four Pulleys, the Weight would have been 
& fifteen times the Power.“ FE EE 

To explain this our way, let us conſider the Weight W to be raiſed one 
Inch, as from the horizontal Line AB, to the horizontal Line a b, and from 
the Make of the Machine find what mult be the Velocity of the Power. } 
Firſt then, the Point F of the Rope going over the Pulley C, mult deſcend 
one Inch, viz. from the Line F/ to Gg (becauſe W faſtened to the ſaid 


Rope, riſes one Inch by Suppoſition) and the Pulley D faftened to the faid 


Rope D F, muſt alſo deſcend one Inch. From the Deſcent of the Pulle 


D one Inch, the Point H of its Rope muſt deſcend two Inches, as it is ſup- 
plied from both Sides of the Pulley; but an Inch more of the ſaid Rope 
muſt be ſupplied by the Riſe of the Weight W; therefore the Point H will 
ceſcend three Inches, or from Hh to Ii. Laſthy, As the Pulley E deſcends 


three Inches, becauſe it hangs by the Rope HI, the Point K of the Rope 


K P (being ſupplied from both Sides of the Pulley E) muſt deſcend 1 
Inches on that account, and one Inch more on account of the Riſe of W: 
Therefore the Point K of the laſt Rope, by which the Power P pulls, vill 
deſcend ſeven Inches, viz. from the Line K & to the Line LI, whereby the 
Power alſo will deſcend the ſame Diſtance, namely, from P to p. Conte. 
quently one Pound at P inſtead of the Hand, will ſuſtain the Weight V 
ſeven times as big, * 1 being equal to 1x 7. Therefore, in this Combina- 
tion of Puileys, as well as in all others, and indeed in ail mechanical Engines 
(as we have often ſaid) where there is an Equilibrium, there will be a rec 
precal Proportion between the Inier/ilies of the Power and Weight and their Je- 
lociſies. 6 | | 


"40; 41. 
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| 10. . ——Th#Ropet Se: (applied ro" Pulleys)" are alwins ſuppoſed Annotat. 


* 
4 . 


I eys, where the laſt Pulley is a fixed one, as in the 4th; gth, 6th, 7th, 
| gs 7 Figures of Plate 10 the Force exerted- (ſuppoſing a Man or 1 
| Men to draw) is the ſame in whatever Direction the Power draws the run- 8, 9. 
ning Rope; yet if the Ropes that axe applied to the Block or Blocks which 
come up with the Weight, are not parallel, Force will be loſt in proportion 
d their Obliquity./, 7 + te 2 2) | 44 {5 "If 4 144 | 
| C, from whoſe Center it hangs, to weigh 6 Pounds: if it was ſuſpended: Fig 17. 
| at c, it would r equir 4 F orce equal co 9 Pounds to ſupport it: and. chere · 
W fore if you ſuppoſe two upper, or fixed Pulleys, as A, B.) to have over 
| them a Rope, at each End of which hangs a 3 Pound Weight, whilſt the 
Middle of the Rope comes under the Pulley C, it is evident, that the two 
| Weights (or rather Powers P and P) being both together equal to the 
Weight, muſt alſo ſupport and keep it in Aquilibrio. . Now, ſince P and 
P balance one another; if P be taken away and the Rope made faſt at s, 
alone will ſupport the Weight W, as we have ſald and explained alrea; | 
= 4+, And this will appear more evident, if we reduce the Pulley C to + 57- 
Lever, after the manner ſhewn in the ſecond Note of this Lecture “. In L. 3, Ann. z. 
this Caſe mn is a Leaver of the ſecond Kind, in which the Center of Mo- P. 136. 
| tion or Fulcrum is at u, the Weight W draws at right Anples at o with 
the Diſtance on, whilſt the Power with the double Diſtance m draws. 
alſo at right Angles in the Direckion 1B. Now, if the Pulley B be re- 
moved to b, the Direction of the Power will be changed and become 5 m, * 
| conſequently its Force will be diminiſhed in proportion to the Obliquity of 
its Direction; that is, the Power able to ſuſtain the Weight in the Direc- 
bonn: is to the Power which ſuſtains it in the Direction B:: as bm: | 
is to BN. 3 3 E . * 8 IL. 3. Ans. g. 
From this Conſideration ow be deduced this general Rule or OY p. 146, 147. 
| the Intenſity of the Power or Powers, which drawing obliquely over fixed Eo 
Pulleys, cauſe a Weight hanging from the Center of a moveable Pulley to 
| tie direfitly ß. n ] OT 


* 


3 : 1 : 


| 4 twice the Tangent of the Angle ef Inclination (that is, the Angle made by 
ro Line f Direction of the Power, which. is the oblique: Rope with the. 

To the Secant of the: ſaid Ale: oo ao wo 34 42d 

v0 15 the Weight, when one End of the Rope is fixed: ' | 

To the Power drawing obligue n. FF 


* 


1A if uo Powers (one at each End of the Roge) be made uſe of, he. 
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narallel, except where it 15 otherwiſe expreſſed. } Though in a Combination Lect. III. 


Fig. 4, 5. 6, 7. 
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Suppoſe the Weight W.*, together with the lower or moveable Pulley “ Plate 15. 
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* Plate 1 5. Let the Pulleys A, B, be e. to ab, and the Line unte an TR 

Fig. Mw 4 duced till they meet it ©; 3 Join the Centeta of the Pulleys 4, 5, by the ho- 
rizontal Line 326; draw E making D to 4b, from E ſo taken, that De 
may be equal to DCs; Nagel m D* DC, draw 55 draw are | 


ae to C5. SE IE 7 1 1 Yo | 
| : 1 f 1 15 i 1 

2211 80 ane . 4 I 8 t „ 0 = 14 5 a3 3 = hob 9-271 

i 350) 14 Ai 1 oi 8 4 be wit ak þ 

. 01 laupꝛ 594 0 * * 1 A T 1 0 — 6 TEL T7 aig 
"VE £ Ci is the PD. of Direction of the Weight „ it muſt he f perpen 


L. 2. 22. dicular to a6 the horizontal Line, and nd conf 5 arallel: to BA; 
therefore the Triangle“ cCh is ſimilar to the Tr y 4. 6. Lud) 
and for the ſame reaſon D E C is dune e 115 Ct) H 12 alſo ſimilar 
to them and equal to Det ecauſe of the pt: gles at D, and the 

common Side 'E and equal Sides als De. "Sy the Trian Pins 


» 5%. 


Ity bf the debe Maag on pigs hs of the lente F. ulley 5 65 irs lf 
DC will repreſent. the f af the Power 1 directly, or at tight 
| Angles to the Leavyer. 42 po. Ci Intenſity wheu drawing obliquely; 
ancdſ fince the Angle 1 =cb = the SE DET os 14 
t ee e of Inclipation; and D w 
* * Pore the Angle of Inclination; a and 5 Bande Double. . Cc, en 
ntenſity of the Weight. V. | 
f the two Powers are od, P will draw with "the As obige 8 
becauſe the Angle aCcmecs; therefore P + P : p: Derbe: 
CE+Ec. , E. D. | 
his may ner tried by taking the Weight w together with 
its Pulley equal td 6 Pounds, and the Wei ha P and P equal to 5 Pounds 
each; for then if the Pulleys A and B be fixed at the Diſtance of 8 Inches 
from each other at their Circumference, 's at a and 5, the three Weights 
will not reſt till the Line Ce be juſt 3 Inches long, in which Caſe the Tri- 
Plate 15. angles a Cc, C, EDC, DEc, moC, and Cr will have their three 
wax is Sides in the Proportion of 4, 3, and 5. But the beſt Method of trying all 
Caſes of this kind, is to make uſe of the Machine contrived hy Dr. 7 Cre. 
ſande for that purpoſe. (See his Introduction to Sir Iaac Nemton's F — 
j Plate 15. ſophy, Part I. No. 205.) On the Plank or horizontal Board H+ are fix 
ig.18 two Standards S, S, which * each on its upper Part, a Se 


Ferrera Lines drawn from 2 Ce upper Part of a Pulley, aa 
| kick Lines the Threads going over the Pulleys may be ſtretched. Lect. IH. 
pp the Middle of the Lines are written the Numbers which expreſs the Se 
cants of the Angles which thoſe Lines make with the Horizon, and at the 
nds of the Lines are Ja rs 432 Numbers e the WN 1 
| thoſe Angles. Now in makin riments it will appear in ever e 
| ines — is an gulli, car e Weights Ofand Q, 7 are as the 
Numbers in the ee of the Lines along which the Threads are ftrerch- 
| ed; and the TOS: P as the 1 1 75 Qs Numbers at 8 Ends of thoſe 
| two Lines. oF 1 3. e ER 
11. (48, ——= 4 bs Power 10 AF — ei it puſhes iis By 
again 275 Plaue, 7. or Pow it aa from the Plane, &c.]. ob have | mh 
| the 7th Annotation conſidered all that relates to a Bo⁰§ moving on an in- 
cſined Plane, and therefore refer to that; but it will not be improper here 
to take notice of the Difference between high Wheels and low ones, as they 
roll over une ven Grounds or Rubs: Becauſe though this Motion cannot be 
conſidered in every reſpect like the rolling o Bodies on inclined Planes; ; 
yet there are a great many Things alike in both Caſes. gun | 
Let the Line @ 5 reprefent the horizontal Plane, ot Way on which a 2 7 ® Plate 15, 
Wheel, repreſented by the Circle 1C bg, is to roll ba. 4 to ay 5. w,. Fig. 19. 
n, o, repreſent three immoveable Rubs, whoſe Eminences or ps reach d 
a3 high as the Points 4 g 6, While the Power draws the Wheel in the Line 
of Direction c G. To know what the Intenſity of the Power muſt be in 
proportion to the Intenſity of the Weight (that is, in proportion to the 
Weight of the Wheel) we may ſuppoſe a bended Leaver in the ſaid Wheel, 
and are to conſider its Effect in the Operation. which being well examined, | 
vill give us this general Rule for all Caſes of à Wheel going over a Rub 
on an horizontal Plane; the Line of Direction Ae; wang, ! the Center 
of the Wheel being alfo ſuppoſed horizontal. 


When the Cireumferenee of a Wheel 9 — on an horizontal 
Plane touches the 8 of a Rude 
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1 to the Wer that 8 the Wheel over the ined 2 34301 6.50 28 
Ai the Sine of the Angle, which a Line drawn from the Center of the Wed 1 to 
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Through 4 th Top A Rub lan: through x the Topoſichs Rub Fla 16. 
"7, draw the horizontal Lines e 4 t, 'r g's; draw the Radi c d, eg and eh, 5 '2 
we laſt of which is parallel to the Horizon, and muſt be produced as far as | 
4 vith the Radius cd, and Center d draw the Arc c; then from the 
"ns d and g draw 25 and 7g i perpendicular to , and round & en 
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\ Annotat: Center draw the Cirele CMD equal to CI which: will, repreſent the 
Lect. 1H. Wheel-raiſed up upon the Top of the Obſtaele or Rub m d. 
ect. III. Whee x up upon the Top of the Obſtaele or Rub m dj. r 
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In reſpect to the Rub 4 , © 47 is a bended Leaver, whoſe Fulrun is | 
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and Brachid c d, de but as the Power draws obliquely to the Braciun 


4e in the Line pc, the Brachium dc muſt be reduced to f d perpendicular 
to the Line of Direction (being the acting Diſtance of the Power) but 4: 
preſerves its whole Length, becauſe c q the Line of Direction of the Weight 
goes perpendicularly through its Extremity e. Therefore here the Weight 
and the Power will be to one another reciprocally as the Brachia f d and F ; 
but f 4 is the Sine of the Angle fed, (= c de) which the Line cd makes 
with the horizontal Line 4e, or ics Parallel C and de its Coline, E U. 
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Il che Rub had been »g, twice as. high. the Difficulty of drawing the Whee! 
over it would have been more than twice as great; becauſe in confidering 
the bended Leaver gr acting in that Caſe, it muſt have been reduced to 
another bended Leaver ig r, in Which the Power; is to the Weight:: as 


rg: tog i, where the N me of the acting Diſtance is more than 
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Hence follows, that the Difficulty. of a Wheel to go over a Rub in- 
creaſeth.in a greater Proportion than the Height of the Rub; the Rubs 
of different Heights compared together being always as the verſed Sines of 
| the Complement of the Angle of Inclination, when the Power is to the 
1 | Weight of the Wheel and what it carries: :-as the Sine Complement to the 

| Sine of the Angle of Inclination, which laſt Ratio increaſes faſter than the 


verſed Sines. 
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| ' Hence follows alſo, that a Wheel cannot by any Power, how great fo- 
1 _  - ever, be drawn over a Rub whoſe Top is as high as the Axis (as for ex · 
ll. ample the Rub 05): becauſe in that Caſe. the Sine Complement is become 
1? | the whole Sine c h, and the right Sine is vaniſhed; or, what-is-evident b 
K the Scheme, the Power: draws againſt the Fulcrum where it can have no 


Effect ar all, ler its Intenſity, be ever fo great 3.unleſs the Direfion oft 
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Hence likewiſe may be ſeen the Reaſon why high Wheels, go over, Rubs. 

more advantageouſly than low ones, and that in proportion as they are high - 
er: becauſe the Lengths of verſed Sines being (ceteris. paribus) as the Dia- 
meters of the Circles to which they belong; that Rub, whoſe Height was 
the verſed Sine of an- Are of a certain Number of Degrees in a leſſer Cir- 
cle, will be the. Sine of an Are of fewer Degrees in a greater, in propor- 
tion as it is greater: therefore the Sine Complement, or horizontal Bra, 
chium of the ended Leaver bearing the Weight, will be lefs, and the Sine 

of [nclination or perpendicular Brachium of the Leaver, to which the Power 
is applied, will be greater. Beſides, the high Wheel will not only go over 
Rubs impoſſible to the. low Wheel, bur ſeveral other Rubs ſtill higher, pro: 
vided their Height be not equal to the Semidiameter of the great Wheels, 
As for example in Fig. 20 *, the Intenſity of the Power P drawing the great ® Plate 15. 
Wheel, C Dover the Rub D along the horizontal Line. 4 5, is but half the Fig: 20. 
Intenſity. of the Power p drawing. the little Wheel g over. the ſame Rub at 
g ſuppoſing the Wheels of the ſame Weight; becaule it is not the bended 
Leaver ig r, which is transferred from the little Wheel to the great one at 
FD E, but the Leaver. yd e, whereby the little Wheel is drawn over a Rub, | 
only of half the Height, So in Fig. 19. f, the great Wheel, part of whoſe + Plate 15. 
Circumference is repreſented by the Semicixele . H g, goes over the Rub Fs: 1. 
MD wich the ſame Eale, that the little one goes over m d; over the Rub 
NG (impoſſible to the little Wheel) with the ſame Eaſe that the little Wheel 
goes over ng, and has no Rub impoſnble to it (ſuppoſing the Intenſity ___.. + 
the Power ſufficiently great) tilt it becomes of the Height OH equal to its 
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Laſtly, We may obſerve from what has been ſaid upon this Subject, that 

the greateſt Difficulty to bring a Wheel over a Rub is in the firſt Eforr; and 

taat the Action of the Power become continually eaſier as the Wheeb riſes, 

whether the Wheel was at Reſt or in Motion juſt-as it began to preſs upon 

the Rub; for the horizontal Brachium of the Leaver as ed (ſuppoſing md | 

the Rub) riſing continually round the Falerum d. when the Wheel is riſing + 

from C bg q1 to DA, diminiſhes its acting Diſtance as the Line of Di- Pate ij. 

G q of the Weight comes from cg 10 K d, whilſt the Bracbium d f, FE. 9 * 
ich the Power adds, continues the lache, 28 the Line of, Dire clion o 
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the Power oes from the Situation ep into the Situation &x : for the Diſtance 
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Fer of. the Harſhe or Quene fi. is fo. Height of tie | 


Led. III. Rub, that we need not look upon the Point x as raiſed at all above the Ho. 


, 


A 


on; nay, if the Horſes draw a little upwards, every Adyance of the Lins 
ol Direction of the Power towards the Point x will be a more advantageguy 
Situation of it. * 
From this laſt Conſideration it appears, that when a Wheel, as Clg 
s over a Rub as md or ng, we are not to confider it as if it rolled ut 
an inclined Plane as gd or qg, where the Power drawing horizontally (as in 
the Caſe of the We lee) acts uniformly, and that in the: Ratio of the B; 
to the Height; the Power here being required to exert mucl | 


firſt | teſs after ! much more Force 
5 b EX; 2 leſ. ö : ( . * 4 . p 4 2 1 2 : of & #79 * 
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12. 50. Tow mich 1h Por muſt be intreaſed in proportion ts tt 
Angle which its Line of Direttion makes with the Plane, will be fun in its 


Notes.) AM this'has been fully conſidered in the feyenth Annotation to 
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15. 62. This Sort of Thread is not 
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T6. Jer, —— This Sort of Thread is not uſed in Wood, But in Iron, ani 
otber Metals, it is of good ſervice, being contmonly more durable, and raiſing the. 

IWeigbt with more eaſe than the Sharp-Thread, as will he more fully Herten in 

Ihe Notes.) The Square-Thread is ſeldom or never made Wt in Wood; 
becauſe then the prominent Parts of the Screw, ſuch as N, L, H. Go, 
Plate 11. M, K, J, (Plate 11. Hg. 11.) would have no more Strength than the ſate- 
Fig. 11. ral Coheſion of the Fibres of the Wood, for a Length yery little greater 


than the Thickneſs of the Thread all the way ; ſo that in very great Strains, 
the Arbor a5 might be ſtript of its Thread all the way, and ſo let go 
what it was intended to hold. But to prevent this Inconyeniency, the hol 
lowed Part of the Screw is made ſharp cloſe to the imaginary Arbor, or in- 
cluded Cylinder, which thickens the Thread of the Screw next the Arbor; 
but then of conſequence it muſt come ts a ſharp Edge on the out-fide.. This 
Plate 11, may be ſeen in the 14th Fig. where, inſtead of the hollow B AC P, yu 
Fig. 14. have 3 a d. A a A a FF 8 T 1 85 5 ii 5 5 
ITl)bough, by this means the ſharp- threaded Screw is ſtrongeſt in Wood, 
it is weakeſt in Metals, where the Thread is generally fine; for if the Male 
and Female Screws do not exactly fir, but have a little too much Play, the 
Sharp-Thread of the one will gull (that is, cut and wear away) the Sharp- 
Thread of the other. Whereas in a Square- Thread, though there ſhould = 
be ſome Play, there is no unuſual wearing out, à Flat bearing upon a Flat. 
Beſides, on the Sharp - Thread the Weight endeavours to deſcend (and there 
fore reſiſts) with more Force than on the Square -· Thread; becauſe, beſides 
the Endeavour of the Weight to ſlide back on that inclined Plane which 
makes the Aſcent of the Screw (which has been already explained in de. 
 fcribing the inclined Plane and Wedge) it has alſo an Endeavour to deſcend 
Plate 11. along another Plane (as à d, Fig. 14.*) which makes the Sharpneſs of the 
Fig: 14. Thread, and conſequently the Power muſt be increaſed om that Score. 
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IJ o eſfimate what is the Foter Which the Sharp- Thread has to bent the Annotat: 
weight on uecount of its Decliviry, let us examine the Screw CDE, EM, Lett. III. 
» ſuppoſing a Female-Screw-to- be raiſed with all che Weight, which conſe- === 
quently muſt preſs ex een ani te the Mule-Screw here repreſented at © Flare 16. 
CIKP GH," Ge. all which we will reduce to che Freſfure on the Point ,., 
WAB being ſuppoſed the Weight preſſing, and WP its Line of Direc- 'R 
tion. Now, if we reſolve the Force 'W-P- repreſenting'the Preſſure of the | = 
Weight downwards into the'two Forces W A and W B, of which the' Erft | 
repreſents the Force exerted” againſt the Declivity A D, and the laſt that 
whereby the Weight endeavours to go along A D without preſſing againſt 
it; it will appear (becauſe Action and Reaction are equal) that the inclined 
Sharp · Thread onſy lifts the Weight with the Force repreſented by R W, 
whilſt che Force left, viæ. WB, carries down the Weight in the Direction 
AD, thereby drawing the oppolite Side of the Thread of the Female - Screw 
to preſs the harder againſt the Thread of the Male- Screw at C, M, and E, 
| (9c, So that if the Weight does hot happen to riſe perpendicularly (which 
it does not in many Caſes) there will be a great Increaſe of Friction on the 
upper Side: of the Sens die YZ ade e ee , 
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"The Eni of the Strew being owing: 1s many Cauſes, ur ſhall confider ir in 
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14. [70. —— Pretenders. to: Perpetual Moòtious, and thoſe who promiſe - 
greater Effects by Machinery-than- is conformable to the reciprocal Proportion 
betweed "the \ Intenfities of the "Powers and Wide bs,” and their Velotities.] 
About the Lear 1726, and 1721, the late Jobn Rowley, Mathematical 
Inſtrument-maker, talked ſo mach of the Wheel which he had ſeen at Fee. 
Coſſel (which he believed to be a perpetual Motion, as well as a great many. 
Perſons in that Country) that beſides the common Herd of Perpeſual. Motion 
Aer, which every Age affords, ſome very ingenious Men made an Attempt: 
| that way, and were countenantetliti it, by ſome great Marhematicians, who, 

when the Scheme was laid before. them, declared they knew no Reaſon why: | 
it ould not do. But as Always declared againſt all Projects tending that 
way, I was defired at that time to publiſh my Reaſons why the thing ſeemed! . 
m_— or impracticabſe; which I did in the Philoſophical. TranſaZtions * Ns. 369. 
in ſuch a manner, as might diſſuade People at firſt from any ſuch Attempts, . 

n which ſo much Time and Money aac been loſt. E have here printed the 
hole Account again; hut chere my Reader firſt to look over what I have. 
latin thee dee ß 

The Wheel at Heſſe. Caſſel made by Morifieur Orfiteus, and by bim called a 
Perpetual Motion, has of Jate been Jo.much talked of en account of its wander. 
fu P hznomena, that a great many People babe believed it 10 be aually ſelf- 
moving Engine; and accordingly have attempted 10 imitate it as ſuch, Now, 
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(for thay deal of Time and Money is ſpent in tboſe Eudeavours, I was willing 
we 


Fo 752 K try Experiments with. that View) to bers 15 the, 
pte which moſt of them go upon is falſe, and can by ne nitans produce a. 
perpetual Motion. 4.4 1 5 foie, ® 27 LY * a LEE Pg 7 
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\ Lec. III. 


in bmi Riſe 3 and accordingly, as itſelf riſes, willibe over · balanced by another 


bs is as follows: 112 SF: 2 216 Oi N Beis On Sus ait . lic 


"ow 1 Nn bre the other 1 0 3 zohweab yeo1Sur 


Velocity of the Weight is the Line it deſcribes, expect that Weight ſhall be 
| ore e which deſcribes the ſhorteſt Line, and therefore contrive Ma- 


But I ſhall ew, that they wiiſtake one e Cafe the a — 5 The- 


Contrivance whatever, EY: e Weight A deſcribes the Arc Ae, the 
5 . B is carried in any Arc, as B , ſo as to come nearer the Center in 


1 Ebey tale it for. n if; 4 Weight deſcending in a Wel it 4 
-determinate Diſtance from the Center, does ia irs Aſcent approach nearer to 
itz ſuch a Weight in its Deſcent will always preponiderate,: and cauſe a 
Weight equal to it to riſe, provided that Weight comes nearer. the Center 


eigbt equal to it: and therefore they endeavour hy various Contrivances 
40 —— that Effect, : as ill de Conlequeneeof i would be. a Perpertal | 


Motion. ; $ * He 974 8 17 C 17 
orem, or rather a Corollary of it, for the Theorem ae e | The Theorem 


one Meg bt in its Deſsent does (dy means f any: enen be 
ether Weight io aſcend with a leſs Momentum or e en then he 
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. if e the Weights be 1 po 2 i rs miſt os 
more Velocity chan the aſcending, Weight, becauſe the Momentum is . 
up of the "REY multiplied i into the vantity of Matter. ids 


date de ts be:. O14, dr BAY is x) car 


” Therefore i if. a Leaver; or a Balance, has,equal Weights faſtened, or. 
8 at its'Ends, and the Bracbia be ever ſo little nene eight 
wil We wen fartheſt from the 1 nals. i 
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FECH OL ID Me anno + 
This hs ON cauſes the Miſtake; bea . who think the 


chines to cauſe the aſcending Weight to 18155 a ſhorter Line than the 
1 Weight. As oa le, in the Circle A D Ba, (Fig. 2. 
the Weights A and B being ed equal, they imagine, that if by any 


its rifing than if it went up the Arc B D; the ſaid Weight ſhall be over-. 
poiſed, and conſequently by.a number of "ſuch Weights, a erpetual Mo- 
tion will be produced. 5 
__ This is attempted by ſeveral Contrbvabces, which all depend upon this 5 

falſe Principle 3 but I ſhall. only mention one, which is repreſented by 
Fig. 4. where a Wheel having two parallel Circumferences, has a Space 
between them divided into Cells, which being curved, Will 2 ; 
Wheel goes round) cauſe Weights placed looſe in the ſaid Cells, to def 

on the Side A A A, at the outer Circumference of che Wheel z . 
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A Coarſe of Experimental Philoſophy. 185 | 
the Side D to aſcend in the Line B 5.45, which comes nearer the Center, Annotat. = 


3 and touches the inner Circumference of the Wheel. In a Machine of this Lect. III. 
kind, the Weights will indeed move-in ſuch a manner, if the Wheel bee 


turned round, but will never be the Cauſe of the Wheel's going round. 
Such a Machine is mentioned by the Marquis of VWorceſter, in his Century 
of Inventions, in the following Words, N'. 36. 5 
Jo provide and make that all the Weights of the deſcending Side 
« of a Whe-l fhall be perpetually farther from the Center than thoſe of 
the mounting Side, and yet equal in Number, and heft to the one Side 
« as the other. A moſt incredible Thing, if not ſeen; but try'd before 
« the late King (of bleſſed Memory) in the Tower by my Directions, two 
« Extraordinary Ambaſſadors accompanying his Majeſty, and the Duke 
« of Richmond, and Duke Hamilton, with moſt of the Court attending him. 
« The Wheel was fourteen Foot over, and had forty Weights of fiſty 
Pounds a- piece. Sir William-Balfore, then Lieutenant of the Tower, 
can juſtify it, with ſeyeral others. They all ſaw, that no_ſoon:r theſe 
great Weights paſſed the Diameter of the Line of the lower Side, but 
they hung a Foot nearer. to the Center; nor no ſooner pals'd the Dia- 
meter Line of the upper Side, but they hung a Foot farther. Be pleas'd 
* to judge the Conſequence.” „ 


perpetual Motion; and the Fallacy is this: The Velocity. of any Weight 
is not the Line which it deſcribes in general, but the Height it riſes up 
to, or falls from, with reſpe& to its Diſtance from the Center of the 


Velocity is the Line A C, which ſhews the perpendicular Deſcent (or 
meaſures how much it is come nearer to the Center of the Earth) and like- 
wiſe the Line B C denotes the Velocity of the Weight B, or the Height 
that it riſes to, when it aſcends in any of the Arcs B 4, inſtead of the Arc 
| BD: So that in this Caſe, whether the Weight B in its Aſcent be brought 
nezrer the Center or not, it loſes no Velocity, which it ought. to do, in 


tae Center of a Wheel, may not only not loſe. of its Velocity, but be 
mace to gain Velocity in proportion to the Velocity of its counterpoiſing 
Weights, that deſcend in the Circumference of the oppoſite Side of the 


zontal, and the other (faſten'd to and moving with it) inclin'd under the 


the End B of. the Radius B C, the Radius C y its Motion cauſes the 
Weight at D to riſe up the Line p P, which is in a Plane that ſtops the 
ſaid Weight from riſing in the Curve D A, that Weightwill gain Velo- 


the Weight at B; and conſequently, inſtead of being rais'd, will overpoiſe, 
it it be equal to the laſt mention'd Weight. And this Velocity will be 


ſo Vor the greater, in proportion as the Angle A C D is greater, or 8 
as Sek the 


Now the Conſequence of this and fark like Machines, is nothing like a - 


order to be raiſed up by the Weight A. Nay, the Weight in riſing nearer . 


Wheel: for if we conſider two Radii of the Wheel, one of which is hori- 


Horizon in an Angle of 60 Degrees (Fig. 3. * and by the Deſcent of + Fl. 
D 


city, and in the beginning of its Riſe, it will have twice the Velocity of 


» 
* 
1 


Earth. So that when the Weight (Fig. 2. *) deſcribes the Arc A a, its FI 16. F 2. 
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186 A Courſe of Experimental Philoſophy, Wl 
LE Annotat. the Plane Pp (ator which the Weight D muſt riſe) is nearer to the Cen. I 
| Lect. III. ter. Indeed if the Weight at B (Fig. 2.) could by any means be liſted 


up to 5, and move in the Arc g , the End would be anſwer'd; becauſe 
then the Velocity would be diminiſh'd, and become g C. 


EXPERIMENT. Fig. z. 


Take the Leaver B CD, whoſe Brachia are equal in Length, bent in 

Pl. 16. F. z. an Angle of 1209 at C, and moveable about that Point as its Center: In 

this Caſe, a Weight of two Pounds hanging at the End B of the hori- 

zontal Part of the Leaver, will keep in Aquilibro a Weight of four Pounds 

hanging at the End D. But if a Weight of one Pound be laid upon the 

| | End D of the Leaver, ſo that in the Motion of D along the Arc pA, 

= this Weight is made to riſe up againſt the Plane Pp, (which divides in 

| Ib half the Line A C equal to C B) the faid Weight will keep in Æguilibrio 

two Pounds at B, as having twice the Velocity of it, when the Leaver be- 

1 Sins to move. This will be evident if you let the Weight 4 hang at D, 

| . whilſt the Weight 1 lies above it: For if then you move the Leaver, the 
4 Weight 1 will rife four times as faſt as the Weight 4. 


| | 15. [80, -The Weight and Gibbet would run back and reſt over W, 
Il. 12. F. z. &c.] In the third Figure of Plate 12, CG rg s repreſents the Top of the 
19 Gibbet with its Pulley at r its Extremity, and its Center (or the Top of its 
4 . Axis) at C. It is to be obſerv'd here, that the horizontal Part of the 
. Rope C is in the ſame Plane with the middle Line of the Gibbet, or 
*| that the Rope Cr is parallel to the Line Cy (under it) in the Gibbet. 
73 | Now if it was poſſible for the Rope to continue parallel to the ſaid Line 
48 Cr in the middle of the Top of the Gibbet, whilſt it is mov'd to the 
i | left ſucceſſively in the Situations C 6, C 7, C8, or to the right in the Si- 
tuations C1, C 2, C 3, C4, C 5, the Guider, or Perſon who pulls and 
directs the Guide-Rope faſten'd at the End near g, would bring the Weight 
to any Place on the Wharf, on either ſide the Crane, without any more 
Labour than what overcomes the Friction of the Axis of the Gibbet. 
But when the Pulleys P and Q are placed at p and 4, the middle Line of 
the Gibbet advances towards Þ and Q faſter than the Rope does, which 
being obliged to fold about the Pulleys, makes an Angle with the Line 
above-mention'd; as for Example, the Angle p 8 # on the left Side and q 4 7 
on the right, the Angle being ſo much greater as the Gibbet is more drann 
back on the Wharf towards the Crane. The Conſequence of this is, that 
the Weight (in this Motion of the Gibbet) muſt be rais'd in proportion 
as the Rope isJengthen'd by folding about the Pulley, or in the Fropor- 
tion of Cp8 toC8 on the left, and Cq 4 to C on the right. Nov 3 
the Exceſs of the lengthen'd Rope above the Length of the middle Line 
of the Top of the Gibbet be (for Example) one tenth of the whole, 
then a Perſon holding the Gibbet by the Guide: Rope, in a Poſition which | 
makes that Difference, muſt ſuſtain a tenth Part of the whole 9% 
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+ 224 lb. in a Ton, too great a Weight for a Man thus employed to Annotat. 
— the Gibbet. Now as this Force of the Weight e r 
| by drawing round the Gibbet, it deceives the Man who pulls the Guide 
Rope; and as by a ſudden Jerk he has brought on the Weight, he is often 8 
forced to let it go when it comes beyond his Strength; which ſometimes 
proves of dangerous Conſequence, as well to the Perſons loading or unload- 
ing, as to the Goods craned up. | 5 
To prevent theſe Inconveniencies, Workmen have plac'd the Pulleys in 
a different Situation, viz. in the Situation P, Q; ſo that in turning the 
Gibbet to the right, no Part of the Weight will be felt by the Guider 
till the Gibbet comes beyond C43 and in moving to the left, till it comes 
beyond Cc. But then another Inconvenieney ariſes from this Conſtruction, 
| which is the Reverſe of the other Thing conſider'd; namely, that the 
Weight deſcends, and conſequently brings on the Gibbet with a Swing, 
which (if unexpected) may likewiſe do Miſchief, As in large Weights 
\ theſe Inconveniencies are moſt ſenſible, Mr. Padmore of Briſtol, making a 
Crane for Mr. Allen (Poſtmaſter of Bath) to raiſe. Stone our of a Quarry, 
| contrived an Application. of the Axis in Perizrochio, which takes off this 5 | 
Danger and Inconveniency. In the firſt Figure x in a Wheel with Arms, Pl. 12. F. 1. 
whoſe Axis x u has on it a Pinion at «, which takes the Teeth of an hori- 
zontal contrate Wheel faſten'd to the Axis of the Gibbet; whereby one 
Man ſtanding out of Harm's way cloſe to the Wheel, has ſuch Advantage 
of Power by means of the long Arms of the Wheel, as to move the 
Axis of the Gibbet with. great Eaſe, notwithſtanding the Inequalities 
above-mention'd, and alſo to hold the Gibbet in any Poſition: without Dif- 
ficulty. | : Pa OY 
The ſame ingenious Workman has made another conſiderable Improve- 
ment in another Crane fix d by the River-ſide, whereby Mr. Allen lets down 
his Stone into ſuch Veſſels as come to fetch it away: | 
The Crane itſelf is not of an uncommon ſort, but a Rat-tail'd'Crane 
with a double Axis in Peritrochio and two Handles, whereby four Men may 
raiſe very great Weights; and then turning the whole Crane about upon 
its upright Shaft, can fix it in any Poſition, and let down the Weights 
ſpeedily into the Boats or Barges which come near the Wharf to receive 
them, See the zth Figure of Plate 16, where you may obſerve it to' dif Pl. 16. F. 5: 
fer from that repreſented in Plate 12. Fig: 4. becauſe the long Neck of Pl. 12. F. 4: 
tne Crane is here of one Piece, and the Power differently applied. But 
this Conſtructien is not new. Neither is it a new Invention to let down 
Goods after they have been raiſed by a Crane, by preſſing an Arch of a 
Circle ſtrongly upon a Wheel fix'd to the principal Axis, in order to res 
tard and regulate the Deſcent by a Friction increas'd or diminifh*d at 
pleaſure, as is done in ſtopping Wind- Mills. The Catch alſo, that hinders 
a Crane or Capſtane from going back, is of common Uſe; but T don't 
know that any one has appſied them both together in the ſame Crane, ſo 
35 to depend upon one another, Mr. Padmore did it, though 8 
85 2 | ave 
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Pins ſuch as 9, receives the Rope, or lets it run down according as it iz WW 


Annotat. have done it ſince. Therefore I ſhall give a particular Deſcription of h: Ml 
Lect. III. Contrivance, whoſe chief Intent is to prevent the great Miſchiefs which 

— — oiten happen by the Careleſſneſs of the Men employ'd to raiſe and let 

1. 16, F. EC. gown heavy Burthens by the Uſe of the Crane. The ſixth Figure repre. | 


ſents an upright Section of fo much of the Crane as the Contrivance above. 


mention'd is apply'd to. „ 2 Oy 5 
Ah is the great Wheel, whoſe large Axis A moving on two Iron Centre. 


turn'd, by means of the Handles faſten'd at C to the leſſer Wheel or 
Pinion C, or as it is ſuffered to turn the other way by the Gravity of the 


deſcending Weight when all Obſtacles are removed. Upon the Axis of 


the Pinion is the Ratchet, Wheel D d, whoſe Teeth ſucceſſively receive 
the Iron Catch 7 F. (moveable on a Pin at F on the Iron - Standard G, and 


to be rais'd up occaſionally by the upright Iron H þ) to hinder the Weight 


from going back when the Handles are looſed. Upon the ſame Aus 
behind the Wheel Dad is. a wooden Wheel E p, over which hangs the 
Halt-Ring of Iron O P o, with a Groove or Hollow made in it to fit the 
Circumference of the. ſaid Wheel, ſo as to retard, or ſtop, or any way 


_ regulate the Motion of the Wheel, (and conſequently of the Axis and 


Pinion C, and the great Wheel and Axis A B, which has the Rope V A) 


£3 according as it is more or leſs ſtrongly preſs'd down to make a Friction on 


the Wood, as it moves after the Catch is rais'd out of the Teeth of the 


Ratchet. The horizontal Leaver K L. governs all theſe Motions in the 


following manner, viz, When the String Q q K, faſten'd to the ſaid 
.Leaver at K, is pull'd, the Leaver moving on its Center M, does, by an 
horizontal Pin fixed at right Angles to its Side at I, raiſe the Piece H 5, 
and confequently releaſe the Ratchet by raiſing the Catch at / out of the 
Teeth : Then the Weight deſcends ſwiftly, moving the Wheel and Pinica 
round by its Force; but to prevent the too ſwift Deſcent, the Leaver is 
pull'd up a little more ſtrongly by the Guider who holds the String Q K, 
which brings down the contrary End of the Leaver L, and. conſequent'y 
the Iron N, ſo low as to make the ſemicircular Ring O P o preſs hard upon 
the Wheel E p, which it did not do when the Catch was rais'd but jut | 
out of the Ratchet. N. B. A ſtrong Pull ſtops the-whole Motion, and a 


more gentle one regulates the Deſcent. And if the Guider ſhould be carc- 
leſs and let go the String; then immediately the Spring S 5, whoſe End 5 


had been depreſs'd by the End L of the Leaver, will raiſe it up again (by 
its lateral Pin XJ) and reſtoring the whole Leaver-to its firſt horizontal 
Poſition, the other lateral Pin 1-in the long Arm M K of the Leaver, will 
through the Notch H preſs upon I, the lower End of the upright Piece 
H +4, and ſo bring down the Catch F into the Ratchet Wheel at /; 
the curved Piece O P at the ſame time flying up, and no longer prelling 
the wooden Wheel E... VUßf' c 

Thus will Miſchief never be the Conſequence, of Careleſſneſs, becaule 
of the Catch; nor will the Weight go down by Jerks, which would br 
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been the Conſequence of the Catch o uſed without the Half. Ring, becauſe Annotat, 
che Catch is lifted quite out of the way when the Half-Ring is brought Lect. III. 


gown and applied by pulling the String at Q. N. B. T., #1, #2, is part 


of the upright Section of the Timber of the Frame. 7 PL. 16.F.6, , 
To make this the plainer, let us examine the 7th Figure of Plate 16; Pl. 16. F. 7. 


where we have an horizontal Section of the Parts above-mention'd. 


T;T is Part of the Timber of the Frame. B B is the great Wheel, 


whoſe Axle that holds the Rope is mark'd A A A, and its Iron Axis 
goes thro? Bell-metal Boxes at 4 4. CC is the ſmall Wheel or Pinion, 
whoſe Axis is cc. Dd is the Section of the Ratchet Wheel made of 


uon. Between the prick'd Lines A p and E 7 is ſuppoſed the wooden 


Wheel upon the Axis of the Pinion, (not drawn here to avoid Confuſion, 
no more than the ſemicircular preſſing Piece mark'd O Po in the laſt Fi- 
cure) the Baſis of whoſe upright fix*d Supporter is repreſented by R, 
and the End of the Piece which brings it down upon Occaſion is ſhewn 


gat N. K L is the horizontal Leaver, whoſe Center is at M, moving ver- 


tically by a Pull of the String faſten'd to it at K. I 7 is the firſt lateral 
Pin of the Leaver, which at I goes through the Bottom of the Piece H, 
Raiſer of the Catch F f, already deſcrib'd with its Supporter G, on whoſe 
Top the Catch moves by a Center Pin. Ap A is the ſecond lateral Pin 
of the Leaver, whoſe Office is: to preſs upon the End 5 of the crooked 


Spring Ss, faſtened to the Bottom of the. Frame at the farther End S. So 
that when the End K of the Leaver is pull'd up, the End L, which is de- 


preſbd, muſt be lifted up again into its Place by the Force of the Spring 
reſtoring itſelf. 5 | e | 


N. B. The crooked Figure of | the Spring, | and the Manner of its lifting thePl. 16. F. 6. 


Pin, is beft ſhewn in the laſt Figure. | 

There is a fine Contrivance of an inclin'd Waggon-way made of Tim- 
ber to bring down the Stone from Mr. Allen's Quarry to the River's-ſide, 
the Diſtance of near a Mile, in Waggons which come down the Declivity 
on the artificial Way by their own Gravity, as the Coal - Carriages do near 


\Newcaſile, But this Waggon - way differs quite from thoſe in the North, 


every Part being very much alter'd for the better, and the Carriages them- 

 klves contrived to carry much more Weight without Danger. The 
Deſcription of this Contrivance, wherein Mr. Allen and his Workmen baue 
eren great Skill and Ingenuity, 1 muſt now omit, and give it in another Part- 


of this Boot. 
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LM TURS IV 
Concerning the Friction in Mechanical Engines, 


XH A 1 have faid hitherto in the Three firſt Lectures, 

2 4 and their Notes, is ſufficient for explaining the Principles 
| of Mechanicks (ſtrictly ſo call'd) enough to ſet People 
to work, who have a Genius for Practical Arts; but as they may 
be guilty of conſiderable Errors without making proper Allowances 
for Friction, and knowing how to find out (nearly) what it is 
in Engines already made, and ſuch as they intend to make; L 
thought proper in this Place to give a Lecture on what I have been 
able to diſcover of the Nature of Friction, by reading all the Ac- 
counts I could meet with on that Subject, by repeating ſeveral 
Experiments already made, the better to conſider their Circum- 
ſtances, and whether the Accounts of them were true; and like- 
wiſe by making a great many. new Experiments myſelf, 


Tho' there are fo many Circumſtances in the Friction of Bodies, 
that the ſame Experiment does not always ſucceed with the ſam? 
Bodies, ſo that a Mathematical Theory cannot be eafily ſettled; 
yet we may deduce a Theory ſufficient to direct us in our Praclice 
from a great Number of Experiments, always taking a Mediun 
between Extremes, 1 


FirsT then, it is obſerv'd that Wood, Iron, Braſs, Copper 
and Lead, when greaſed or oiled (as is done in Engines) have nearly 
the ſame Friction, and therefore the ſame Rule will ſerve for all 
thoſe Subſtances. For tho' one may at firſt imagine that Metals 
muſt needs flip over one another more eaſily, becauſe they may 
be made ſmoother and will take a better Poliſh ; yet it is found 

by Experience, that the flat Surfaces of Metals or other . 
3 


F 


ng 
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my be ſo far poliſh'd a8 to increaſe Friction; and this is a me- Lect. IV. 
chanical Paradox ; but the Reaſon will appear when we conſide 
that the Attraction of Coheſion becomes ſenſible as we bring the- 
Surfaces of Bodies nearer and nearer to Contact. This is very 
evident in drawing Glaſs Plates over one another, which requires. 
more Force than if-they were of Wood; and the fame is true in 
Metals, for tho? the Preſſure of the Air is ſometimes a little con- 5 
| cerned in this Phænomenon, yet the Attraction of Coheſion does 

 & fat exceed it, that we need not take notice of the Effect of that 

preſſute in the Action of the Parts of an Engine on one another. 

It is true indeed, that a couple of Marble Plates ſtick to each other 

by the Preſſure of the external Air, when being firſt oil'd, to 

exclude the Air from between them, they have been flipp'd upon 

done another; and that when ſuſpended in the Receiver of an Air- 

Pump, they fall aſunder as ſoon as the Air is drawn out of the Re- 

ceiver. But if they be made very ſmooth, they will cohere ſtrongly: 

even after the Preſſure of the Air is wholly taken off by the Air- 

Pump, I have applied together the flat Surfaces of two ſmall 

Cryſtal Buttons, without wetting or, oiling, which have coher'd fo. 

ſtrongly as to hold 19 Ounces Troy before they were ſeparated, 

when their Contact was but a Circle of one 12th of an Inch in 
Diameter; in which Cafe the Preſſure of Air could not be greater 

then the Weight of an Ounce; becauſe a Column of Air, whoſe 

circular Baſe is one 12th of an Inch in Diameter, weighs no more. 

In Metals the fame is evident, but more eſpecially in Lead; for 

two Balls of Lead of about one or two Pound Weight each, if 

pared clean with a Knife and applied cloſe together, ſo as to touch 

in a Surface of about one 10th of an Inch in Diameter, will ſtick: 

together, ſo as not to be ſeparated by a leſs Weight than of 40 or 

do Pounds, tho' the Preſſure of the Air in that Caſe could not 

amouiit to one 4th of a Pound. See Phil. Tranſack. N. 389. But: 

lo urn to our Experiments of Friction. | 
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EXPERIMENT I. Plate 13. Fig. 18... Pt. 13. F. 183 


Ch is a ſmooth Piece of Wood one Inch thick, four Inches 
Ke and fix long, with a little Hook in its Fore-part þ, and weigh- 
2 "x Ounces, If it be drawn along an horizontal Plane, repre- 
ted by the Line A B, over the Pulley P, by means of the String 
EW, the Weight W equal to two Ounces and as much more as. 
w.Lovercome the F riction of the Pulley, will draw it. along —_ 

= | ; ther- 
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* ! « 
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* Ann. 1. 


broader than the Baſe of K, every, Inch of it in Breadth is pref 
but by one Inch of Wood in Thickneſs; whereas the Surface on 


ariſes not from the Number of Parts which touch, but from the 


Preſſure on the touching Surface, as appears yet more plainly from 


;P1. 13. F. 18. 


additional Weight g; becauſe the Traction made in the oblique 


Plane A B, then will the Weight W, without the Help of 9, da 
K as W did c. FF J 


. 13. . 19. 


Plane or Plate of about two Foot Diameter move, bearing vn 2 
Pin round the Center C ſo as not to touch the firſt Plane; ten 


* 
* 
1 
4 


ing Surface. From hence it appears, that % Friction is equal ty 


Surface be greater or leſs, provided it be preſs'd in a reciprocal 
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ther it ſlides on its greateſt Surface or flat as at c, or on its Edge 
as at K, tho' in the laſt Caſe there is only a fourth part of touch. 


about one zd of the Weight *, and ariſes from the Weight that preſs | 
the Parts together, and not from the Number of Parts that tc. 
for whether the Parts of the Surface be conſidered as Springs to be 
bent, or as ſmall Eminences over which the Body drawn muſt be , 

lifted, it is-plain that the Difficulty will be the ſame, whether the 


Proportion of its Bigneſs: for though the Baſe of c be four times | 


which it reſts in the Poſition K, which is four times narrower, i MW 
preſs'd by a Thickneſs of Wood of four Inches. The Friction 
therefore, or Impediment to the drawing the Body in the Line AB, 


the following 

EXPERIMENT II. Plate 13. Fig. 18. 
Lr the Pulley 7 (over which the Weight 20 (= W) drew 
along K, when it was raiſed up to. the Level of m the Hook of | 


K above AB) be brought down to the ſame Level as P; then Ws 
Wo will not draw K along without the Help of the lie | 


Direction h makes K preſs more againſt the horizontal Plane 


than when the Draught is in the Direction #2 : but if the Hook 
be fix'd at 2, ſo as to make the Line of Direction parallel to the 


EXPERIMENT. III. PI. 13. Fig. 19. | 
8 the Table or horizontal Plane T MN O, let a circular 


let a Braſs or Leaden Plate, ſuch as A, B or D, be ſo laid betwirt il 


the circular Plane and the Table, as to preſs upon 8 98 71 


- £7 
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all its Weight, and at the ſame time (by means of a Pin riſing Le&. IV. 5 


dom its Middle) be carried round along with the circular Plat. 


| under the Point A, B or D. Then if the Weight of the Plate A 
be equal to 30 Ib, a Force equal to 10 Þþ will draw the Plate 


WE 1nd, pulling in the Direction A T. when the faid Plate is plac'd 
WE : ao ; but if the Power draws in the Line B or E 7 Tan- 


gent to the little Circle B E, it will require 20 Ib to draw A round: 


Tau, if the Power draws from A towards T in the Tangent of 
me great Circle A t r D, whilſt the Plate is fixd at B, then a 


| Force equal only to 5 15 will move round the Plate. 
Tuis ſhews that the Friction is increaſed when the rubbing 
| Parts move faſter, and decreaſed when they move ſlower than the 
Power. Therefore we may ſay, that the Refiſtances from Friction 


4 4 | are to one another in a Ratio compounded of the Preſſures of the 
rubbing Parts, and the Times or Velocities of their Motions. 


WHEN a ſmooth Body is laid on an inclined Plane, according 


o the Laws of Mechanicks, it ought not to reſt upon it, but mu 


ide down. But the Friction being equal to one 3d of the Weight, 


zs we have already ſhewn, the Body K“ laid on the inclined Plane *Pl.13. F. 2c. 


= AB will not {lide down till the Perpendicular A C be the third 

Ws part of the Length of the Plane A B, becauſe then the Body's Ten- 

= dcncy downwards in a Line parallel to A B is equal to one 3d of 

= the Weight of the Bod. e od rand | 

Hence it appears how neceſſary it is to conſider the Friction | 

in mechanical Performances; as for Example, if a Beam A B+ ly- F. 17. F. 1. 


W in; on the riſing Ground De is to be drawn by a Power at P in 


W t alittle more than one zoth of the 


the Direction A P parallel to Dc; when Aa the Riſe of the Plane 

above the horizontal Line H & is one zoth of Ac, a Power equal 

Weight would be able to draw 

| it along, according to the Laws of Mechanicks excluſive of Fric- 
tion; and therefore a little more than 100 1þ would draw along 

a Beam 5000 Ih along the Plane Ac: But as the Friction is equal 

to one 3d of the Weight, we muſt have a Power equal to 

100 +1000 Ib, before we can draw the Beam along, if the Plane 

was as ſmooth as a marble Floor. But along the Ground, where 

| even. the ſmootheſt Earth is rough, a much greater Force will be 
DG Monſ. Amontons of the Royal Academy at Paris found 
at a Force equal to 22501b was but ſufficient to draw ſuch a 
an up a Hill of the Aſcent above mention'd. 
vor. J. We ExPE- 
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.LeT AB, a wooden Cylinder of an Inch Diameter, ſmooth and 
well poliſh'd, turn freely on two Supporters 8, 5, likewiſe ſmooth, 
well poliſhed and greaſed. , When at each End of a lilken Thread 
or String thrown over the ſaid Cylinder, or wound about it two 
or three times {for that makes no Difference if the Parts of the 
String do not touch one another) ſuſpend a Weight of 9 th, which 
. Weights will keep each other zu Aguilibrio. Then adding ſeveral 
Su: | Weights to the 9 th Weight P, here made uſe of as a Power, to find 
ED, exactly what Addition it muſt have to raiſe the Weight W, which 
is alſo only a 9 Ib Weight, that Weight will not be raiſed up by 
the turning of the Cylinder till P and all the Weights added to it 
make all together 18 1h. This is agreeable to what was ſhewn 
before by the firſt Experiment of this Lecture. For as the whole 

Weight that preſſes the Cylinder on its Supporters is W P or 

18 15, 6 th muſt be added to P in order to overcome that Friction; 
| but that additional Weight adds alſo a Friction of 2 lb the third 
=_  - part of its Preſſure, for the overcoming of which Friction 2 th muſt 
| | | De added, whoſe Friction requires alſo two zds of a Pound, and fo 
on, in a Series of Fractions. as 4 + , Cc. Now as the 
Weight of the Cylinder it ſelf was not conſidered, the proper way 
to allow for its Friction, if it be not very heavy, is to double the 
l. 17. F.4. Power at once , as appears in Fig. 4, where A repreſents the 

ie Section of the Cylinder above mentioned. TL 50] 


r 


Ir the Cylinder has Gudgeons or a ſmall Axis, ſuch as that re- 

I Pl. 17. F. z. preſented in Fig. 3. & it will move as much more eaſily on its 4 

| Porters as the Diameter of the Axis at G and g is leſs than the 

Diameter of the Cylinder à 6; as here the Weight added to p- 

need be but 12 Ib, when the Diameter of the Axis is but + of 

an Inch; becauſe then the rubbing Parts move flower than the 

Power, in that Proportion, agreeable to what was ſhewn by the 

el. 17. F. 4. third Experiment of this Lecture. The fourth Figure repreſents 

| the Section of the Cylinder at a, and of its Axis at g. 5 
Hence we may know what Difference there is between the Uſe 

of Sledges and Carts for drawing along heavy Goods. It the Ground 

Was perfectly even like a Marble Floor, it would require 3 of the 

_ Ann. 2. Weight of the Sledge, and all that is laid upon it, to draw it along; 

a but as ſuch a Plane is not uſed in Practice (and if it could * Wes 
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Horſes could not pull well on a flippery Pavement) we muſt al- Led. IV. 


ways make uſe of a Power greater than one zd of the Weight. 


But in a Cart, if the Wheel be fix Foot high, and the Hole in 


| the Nave for the End of the Axle four Inches, the Friction will 


he diminiſh'd 18 times; therefore a Power equal to n Part of the 
Weight will be able to draw it along upon an horizontal Plane; 
becauſe the 18th Part of + is = 4. Sledges therefore ſhould only 
he uſed where Streets are too narrow for Carts, and where Goods 
in ſmall Parcels are to be laid on and taken off often, for the 
Conveniency ef the Men; but the Horſes muſt work the harder. 
This alſo Ke that high Wheels in Carriages are preferable to 
low ones on account of their having. leſs Friction, beſides the 
mechanical Advantage which we have conſidered in another Place; 
tho it is not always 9 N 20 to make uſe of them, as for Ex- 
ample, in Beer-Carts high Wheels would be inconvenient, becauſe 
of the Neceſſity of often loading or unloading. + + |: 
To reduce all this to Practice, take the following Rules for cal- 
culating the whole Friction of Engines. 5 | 


VFC 
Ix examining all the Frictions, begin with that which is neareſt 


to the moving Power. ; 


| R TU LE II. ä N 


To find the firſt Friction, conſider the Spaces gone through in 
the ſame time by the Power and by the rubbing Part, and accord- 
ingly take a proportional Part of + of the Power. As for Example, 
in equal Velocities of the Power and rubbing Part, the Friction 
15 7 of the Preſſure which is made not only by the Power, but by 
the Reſiſtance equal to it; and therefore the third Part of the 

whole Preſſure muſt be equal to two zds of the Power. 


RULE III. 


Tur Power being unknown, muſt firſt be found by knowing 
the Velocity of the Weight, and thence deducing that of the Power 
by mechanical Principles : Then, by what has been ſhewn here, 
fading the Friction, there muſt be fo much added to the Power 
to make the Engine work; always obſerving that what has been 
; ? C C 2 : | | added 


7 5508 1 IS 
f 8 % — 8 
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Let. IV. added for the Friction firſt found, does ſtill further increaſe the 
i Ed Eon: Friction, and therefore there muſt ſtill be allowed ſomething for 
the Increaſe of Friction cauſed by every new Addition to the Power. 
N. B. Wr muſt remember, as has been. ſaid before, that if 

the Power be an heavy Body, its Velocity is its perpendicular 

Aſcent or Deſcent; but if of another kind, the Velocity is its Space 
f ß ET TR. 


RULE IV. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
Tux Friction of the ſeveral Parts of an Engine, however re- 
mov'd from that Part to which the Power is applied, may be 
= found by comparing their Velocities with that of the Power, and 
= -* | thence deducing the Friction, as has been ſhewn ; and when all 
=... the particular Frictions have been found and added together, their 
Value added to the moving Force will not enable it to overcome 
the Reſiſtance in a compound Engine any more than a ſimple one; 
for that Addition ſuperadds a Friction to every rubbing Part, there- 
fore we muſt ſtill increaſe: the Power, as ſhewn in the laſt Rule. 
An Example will illuſtrate both Caſes. _ . | 
Pl. 17. F. 5. ThE Diameter A B of an Axis in Peritrochio ® is equal to 3 
Foot, and that of its Axle 4 6 only to ſix Inches; therefore if the 
Power P be = 108 Ib, the Weight or Reſiſtance W will be 
2648 Ib. Here the Friction will be 12 Ib or 3 of 72 lb, if the. 
Pl. 17. F. 2. Axle be ſupported on its Surface, as in Fig. 2. +. Now as 12 15 
| of the Power 108, there muſt be added + of 12 to overcome the 
Increaſe of the Friction cauſed: by the 12 Ih, vis. 1:3 Þ;-and 
then + of this laſt and ſo on; ſo that to overcome the Reſiſtaner 
== 648 th, the Power muſt be=108 + 12 + £5 +5, Cc. b, or 
121 2 th. But if the Axle had Gudgeons of Iron C C of only one 
Inch Diameter, the Friction on them would be fix times lels, 
the Velocity of their Surface being diminiſh'd in that Proportion. 
I. 17 F. 2. Now if there be join'd to the Axle a 5 another Wheel DE 
likewiſe of three Foot Diameter, with an Axle of fix Inches FG, 
about which the Rope or Chain that ſapports the Weight winds 
inſtead of winding about 26, then by Gino Rules the Weight. 
X==3888 Iþ will be ſuſtained. by, the Power P of 108 Ib. 


N. B. Ve Bere fuppoſe- the laft. Axle F G to: have alſo. In 
Gudgeons as c, of an Inch Diameter, and that (by means of : 
Strap of Leather, or a Rope or Chain going round the Axle ny 


. 
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and the Wheel D E) the ſecond Axis in Peritrochio DF cG E V⁰Lect. IV. 
carried round in the Direction A D, ſo as to draw up the Weight wr 
X, fix times more ſlowly than it would riſe if at W. But the beſt 
way ir to make uſe of a Pinion with Leaves (that is, a ſmall Wheel, 
with Teeth) to carry round the great Wheel by its Teeth,. as bere 
the Pinion f 12 Leaves on the Axis A b will carry round the Wheel 
DE which has 72 Teeth (its Diameter being fix times greater than 
that of a b:) Becauſe a Rope, Strap, or Chain cannot perform its 
Office without being made ſo tight as not to ſhip, in which Caſe the 
' Preſſion cauſed by the Elaſticity would occaſion an additional Friction. 
befides the additional Refiftance made by the Difficulty there is to bend 

the Rope, Hf. 8 F 

To ind the Friction of this compound Engine, we muſt conſi- 
der all the Parts that rub, vzz. firſt C the Gudgeon with r of the 
Velocity of the Power; then the Teeth or Strap at A B, with + of 
the Velocity of the Power; and laſtly, the Gudgeon c of the 
Wheel DE, with +++ of the Velocity of the Power; which gives 
for the ſeveral Frictions 27 = 2 th, © = 12 lb, and vs =: 
o, 333 Gr. . The Sum of all the Frictions therefore is 14,333 Cc. 
bd; by which Number if you divide the Intenſity of the Power or 
| 168, you will have for your Quotient 7, 5 Sc. which will give 
you a Diviſor for every Weight to be added to the Power on account 
of the Friction. When therefore you have added 14, 333 Cc. for 
the dum of the Frictions, you muſt ſuperadd == = 1,91 for the 
Friction of the firſt additional Weight, and = = 0,25 for the: 
Friction of the ſecond additional Weight, &c. Therefore in order- 
to. raiſe X or 3888 Ib by means of the compound Engine here men 
tioned, the Power muſt not be 108 Ib, but 124,611 . 

N. B. All other Caſes may be deduced from this. 


FTuo' this may ſerve. for finding the Sum of the Frictions toy 
direct our Practice; yet as I have in the Calculation omitted ſeveral. 
Decimals, whereby the Solutions might have come nearer to the: 
Truth; for the fake of the Curious, who may, expect a Solution, 
entirely exact, I give here a Method to find it. | 

Since the Weights, that are to be added to the Power in order to- 
overcome Friction, continually decreaſe, and always in the ſame Ratio, 
they may. be confider'd as the Terms of a Geometrical Progreſſion, whoſe: 
laſt Term is © „ . | „ 

In order to find the Sum of the Terms of ſuch a Progreffion, 
the two following lemmatory Propoſitions muſt be pr emis d. 1 
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Is a geometrical Pro ortion or „ure hp Sum of the "9 
dente: is to the Sum of the Conſequents : : as any one of the Antece« 
ene t is Fo its Confequent. (See comp 20 | 


= | 

| "i a 3 Progroftes, the Soma Term Minus the Pup ti 

to the Fir: : as the Laſt Minus rhe Firſt : is to the Sum 9 75 all the 

Terms preceding the laſl. 


* 


Lr the Progreſſion be 4. 6. c. d. . g. we muſt prot 
that 6 — 4: 4: 9-4: a+b+c+d+f. 
Tux Progreſſion may be thus always — a:b::b: et: 
d:: d: :: F: g; but we have by neee : a +b+c44 


And by Tnverlicn, 3 
: a::b+oc+d+f+8: a+b+e+d+/1. 
| By Diviſion, 
4: 4: :b+c+d+f+g=a—b=cmd=f: a4+b+ 
4-4 f. : 
And taking away the Expreſſions with contrary Signs, it will be, 
bai. gms: : a+ b+co+d +. . 


NO 


80 that calling the Exponent of the Progreſſion 8 , the 
firſt Term a, the laſt Term 2, and S the Sum of all the Terms, 
excepting 2, we 1 by the ſecond Lemma n 4 a4: 2 ; AO) 8, 


I 
which gives 
| 7 a— 


= % 


28, which being reduced, gives ; 


That is, in Words at length; 

The laſt Term Minus the firſt, divided by the Exponent of the 
Progreſſion, leſſened by the Number 1, is 5 to 1 Sum fo all the 
Terms but the laſt. 


COROLLARY 2 


AND in Progreflions, whoſe Terms continually decreaſe (as thoſe 
b of the Weights to overcome Frictions do) the laſt Term being _ 
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104, inflead of ge = 8, we ſhall have ſuppoſing 2 equal to the L 


Ds 
Y — f © 13 5 7 * 8 5 8 4 | | 
firſt Term, . 8. 80 that dividing the firſt 


erm by the Quantity equal to the Friction, the Exponent of the 
8 1 be had; and dividing the firſt Term by that ex- 
ponent minus 1, the Quotient will give the total Sum of all the 
Additions to be made on account of Frictions. Mo ON 

To give Examples of it, 9 

Is the 4th Experiment of Lecture 4. Page 194, the firſt Term 
ol the Progreſſion is 18, the ſecond 6, whence the Exponent is 3, 85 
which Exponent being leſſened by 1 is 2; by which Number, di- 
viding the firſt Term 18, the Quotient 9g is the Sum of all the Terms 


but the firſt, which is the Power. + | 

So in the Example of Rule 4. Lect. 4. Page 196, the firſt Term 
is 108, the ſecond 12, whence the Exponent is q, e = come 
=135, Which is equal to all the Additions. 


So in the other Example, Page 197, the firſt Term is 108, the ſe- 


cond 14,333 &c. when the Exponent IS 7,53 5 Ge. and 8.855 = 
15,526, &c. which is the exact Sum of all the Super-additions.. 


Ix the Text I have only taken 7,5 for the Exponent, having neg—- 
_ kd the two laſt Decimals, which gives _ 16,61as in the 
Body of the Lecture, Gc. 1 | 
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L bo T have, at a Mean, taken the Friction to be equal to a third: 
Pur! of the Weight ; yet by making many Experiments ſince, I found. 
auch to vary, being ſometimes greater and ſometimes leſs ; ſo that it 
vs jearce poſſible to come at an exact Theory: Yet for Practice, as I 
bave already ſaid, it is uſeful to know what Experiments have been 

nach unt any particular View to direct us in the like Caſes, by taking 
the Mean gf the different Effects we find. As Garriages are Machines 
of the greateſt Conſequence for the Uſes of Life, I thought it would. 
ut be unwelcome here, to. enlarge upon the Friction of ſucb Injirument. 
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——_— \h-Ccarrig by Mr. Camus, a Gentleman ef Lorrain, 5151 ] 
have fince tried, and found to ſucceed in the fame manner in ain 


every Trial: The little Differences I obſerv'd being unavoidab]; in 
Things of this Nature, even when made by the ſame Hand. Therefore 


 Tehuſe to give the Account of them in the Author's own Words, tranſ- 


lated from the French, in which Language he publiſhed his Bok 
entitled, Traite des Forces mouvantes, - pour la Pratique des Arts 
& Metiers, &c. Par M. de Camus. — | 


As there will be a Difference in the Friction of the ſame Body 

drawn over different Bodies, it is neceſſary as much. as poſſible ib 
know what that Difference is, in order to know how to manage 
or apply Forces. For this Reaſon the following Experiments have 
been made, in order to find out nearly what Forces or Powers are 
required to draw Weights, or what Force is loſt by Friction, and 


what Metal is moſt proper to be uſed, or what Materials; that we 
mr loſe the leaſt we can of the Force of the Power; and what 
e 


& Water, Greaſe or Oil have upon different Subſtances, 


For this purpoſe, we muſt take three Sledges, each of them 


an Inch and an half wide and three Inches long, each Side or bear- 


ing Part being two Lines wide. Different Weights muſt be laid 


upon each Sledge, and they muſt be drawn over flat Bodies of 


different Subſtances or Metals; and the following Effects will be 
Seogqueed;: ,. | 5 OY 


* 


TAKE three Plates 2 Inches wide and 4 or 5 Inches long, one 


of Iron, one of Braſs, - and one of Copper; let them be draw-fil'd, 


that is, fil'd longwiſe, without being poliſh'd, and rubb'd upon ſuch 
a Stone as the Streets are pav'd with, that they may be like the 
Sledges drawn along the Streets, and alſo their Grain may lie the 


ſame way as it does in the Holes for Pivots and Gudgeons in Ma- 


chines, in regard to the Direction of the Motion. Let theſe Plates 
be faſtened upon a little Plank of Oak with a Nail whoſe Head 
is off, that they may be put on and taken off eaſily one after ano. 
ther by means of an Hole in the End of the Plate. At the End 
of the Board fix a little Pulley with very fine Pivots, and let the 

3 and Braſs Plate be rubb'd ſmooth on one Side with Pumice- 

Stone. N 8 ay 8 
= | | Tux 


3 
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Tur M take a light filken Purſe with a ſtrong Silk to run over Lect. IV. 
the Pulley, and draw an Ounce Weight, (including the Sledge; 
then prepare twenty leaden Balls weighing all together an Ounce, 
that you may put into the Purſe ſach a Number of them, that the 
Sledge and its Load may be drawn upon the different Bodies and 


VUuctals. Let there be alſo prepared 20 Balls, weighing all together 
dne Pound, to draw ſuch à Sledge as ſhall, together with its Load, 
weigh one Pound; as allo a third, weighing three Pounds, with 
20 Balls equal in Weight to three Pounds. Let the Sledges be one 
| of Iron, or arm'd with Iron, as moſt of the Sledges are, which are 
drawn along a Pavement of Pebbles; one of Wood unarm'd; the 
third of Lead, or arm'd-with Lead; and à fourth, if you will, of 
Braſs or Copper n TABS FEARS no ER e,, 
Ir you put the Balls gently into the filken Purſe: (or the great = 
ones in a Bag of Linnen) ſtopping it ſo that it may not move, and 1 
then the Board be lifted up at the Pulley End, ſo as to riſe an 1 
Inch in the Length of two Foot, that che Sledge being once bo | 
motion may not run ſwiftly, but on the contrary may continue at 5 
reſt when it has been ſtopp'd in the running ſoftly at firſt; but it 9 
muſt not be kept long in one Place, 8 there it would ſtick 4 
or ſink in, and more Force would be required to ſet it going at 9 
one time than at another. If the Board was ſet horizontal, or in- 4 
clining towards the Pulley, the Experiments would not ſucceed ; _ 5 » 
hecauſe the Sledge being once ſet a-going, would run all at once : | 
And therefore we found the beſt Situation of the Board was to have 
it riſe a little towards the Pulley, and to ſet a- going. 
Things being thus prepar'd, the Effect of the Experiments was as 
is expreſs d in the following Tables. 8 
Tur firſt Column ſhews the Number of Balls requir'd to draw 
the Sledge dry upon different Subſtances or Metals, as ſet down. 
Thus Iron upon Mood, ſignifies the Sledge arm'd with Iron, ſliding 
upon the wooden Board: Iron upon Iron, the ſame Sledge ſliding 
upon the Iron Plate; and fo of the reſt : Upon poliſh'd Braſs, ſig- 
nifies the ſame Sledge ſliding upon the Braſs rubb'd with the Pu- 
mice-ftone: And upon poliſh'd Copper, the Copper Plate rubb'd 
with the Pumice-ſtone, _ TS „ 
Tur Columns over which are the Words wet —greas d 
oil d —ſignify that the Plates and Sledges being wer, greas d, or 
6% d, the Sledges were drawn along by the Number of Balls ſpe- 
 Cified according to the Columns. Thus the firſt Column, where 
Vor, J. D d | you 
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Courſe of Experimental Philoſophy. 
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Loect. Nor you and theſe Words * upon Wood 5, above which Number ;; 
r written Balle, ſignifies that the Sledge which weighs three Pounds, 


flides upon a Board of Oak with 5 of thoſe Balls, 20 of Which 


weigh 3 Pounds; ſo. that there is only required one Quarter of its 
Weight to make it ſlide along a plain d oaken Board: But if that 
Board be wet, 8 Balls will be required, which ſhews the Friction 


to be increaſed the Value of 3 Balls. If the Wood be greaſed, 4 
Balls and a half will do, which is but little more than half of - 
what is required when the Wood is wet: If the Wood be oiled, 
there muſt be 5 Balls; and fo on for all the Columns upon dif- 
ferent Metals. | 

Wxꝝ have not ſet down the OS of Balls moe for draw- 
ing the Weight of one Pound, becauſe the Proportion was found 
the ſame as in the 3 Pound Sledges; at leaſt the Difference was 


| ſcarce perceivable, But for the Sledges weighing one Ounce, we 


give an Account of their Effects, becauſe as they differ from thoſe 


of 3 Pounds, we may the better from their Compariſon deduce the 
Cauſes of F tiction =o Rehiſtance, 7. 
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A TELE of FRICTIONS. &. IV. 
I A abt of wer File 16 e upon a Shdxe e one 4 
= Line and an baif wide in Ihe mann and e : 
Inches long, ds e Preys | * 
= 8 its „ Balls| Ball 
Iron pon Wood 5 |wet— 8 |oild— 8 214.8 
Iron upon Iron © 3 [wet— 3 Joild— 3 |greasd— 32 | 
gh upon Braſs | 3x, wet— 4 joild— 4 | greas'd— 4+ 4 
n poliſh'd Braſs ' 3 [wet— 4 Joild— 32 greasd— 4 # 
= poliſh'd Copper 3z| wet 4: oil'd— 42 greas'd— 42 I 
Wood upon Wood 7 [wet I4 old WE greas d- 42 4 
Wood upon Iron 5 wet — 11 [oild— 4 greas'd— 7 £ 
upon Bras 4 |Wwet— 6 [oild— 3 |greafd— 44 1 
upon poliſh d Braſs 42 wet! 7 ould 3 ke greas d 4 by 
upon poliſh'd Copper 5 .|wet— 8 loild— 4 greas'd— 42 4 
Lead upon Wood 5 wet—11 ſoil' d- 5 gteas d— 4 bw 
Lead upon Iron 7 Twet— 6 [oild— 5 greas'd— 5 -M 
Lead upon Braſs © wet 7 joild—. 5 greas'd— 5 ; 
upon poliſh'd Braſs 6 |wet—' 8 [oil'd— 5 greas'd— 42 t 
upon poliſh' dCopper 6, wet— 9 6rd 75 greas d — 5 = 
4 Shape weighing an Ounte with its Load is "drawn a ; 
x lng, with 7 
Balls Ball Ball *. 1 
Iron upon Wood 6 wet 5 |oild— 8 greas d 10 5 
Tron upon Iron wet 9 oil'd— 7 greas d 13 1 
upon Braſs wet— _ 6. |oil'd— + |greas'd— 13 Y 
upon poliſh'd Braſs * wet 7 oild - 8 greas d 13 3 
"pon poliſh'd Copper 6 wet TL oild 9 greas d 13 -j 
* 2. A Line is one ade Bhi | 7 
D 4 Wood | 
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Lect. IV. : Ball; . Balls) Ball. | 
Wood upon Wood 7 wet 16 foild— 6. [greas'd— 12 
Wood upon Iron 6 |wet— 15 | oild— 8 [preagd— 11 
en Braſs 55 wet— 11 | oild— 8 3 I2 

upon Palin d Copper 7. [wet— 13. | old 


* 


rimenal Philoſophy, 


Lead upon Wood 7 |wet— 10 |oild— 9 ER 11 
Lead upon Iron 7 |wet— 8 | oild— 9 [greasd— 11 
upon Braſs 6 [wet— 6 | oild— 8 greas d— 10 
upon polith'd Braſs _ 7 ||wet— ..$.| oil'd— 9 greas d 9 
:ppon gal 0 Copper. 8 wet— 8 oild— 10 lernt 11 


| | The ſome digger Sledges ub 26 i woke of Tire Pan 
. were drawn 5 4 Pebble, el, as. * nut ar 


* 4 STi}. nn | 
Ball COIs "Bat 1 


Wood upon Pebble, or — 8 | wet 13 
Iron upon Pebble -— — 10 wet "I 
- Lead uo. Pebbles — — 16 | wet— * 


27 be bit Sledges of an Once: . 


Bals Balls 
Wood upon Pebble 13 wet— 18 
Iron upon Pebble 9 wet — 12 
Lead upon Pebble 15 wet—"15 


F 2 2 Sledge, ele Sidei ar 
brought to a cutting, Edge where they bear, inſtead of 
he common May, was drown along * with 


Balli By | alls Balle Ball. 
Iron upon Wood It Iwet— 7 [oild- ſereas d 


upon Iron 32 greas 4 
upon Brass +: -Z={8f<45. . 
upon poliſfid Braſs | [greas'd— 
upon polifh'd Copper 3: 32 greas d- 
Wood upon Wood 10 greas d 
upon Iron | 2 greas'd— 
upon Braſs greas'd— 


| greas'd— 


3 
upon poliſh'd Braſs 4 
greas d 


upon poliſh'd Copper 5 


"Philſphy. aes 


An Ounce Load 1 4 Sledge brought alſo 70 an Edge, Cs 


was drawn by 


Iron upon Wood ls lf wet 8 = 
upon Bras 4 wer 27 oild— 6 | greas'd— 

upon poliſh'd Braſs 8 wet 3 oil d 6 greas d 

upon poliſh d Copper e et 8 oild— 6 Zreas d | 

OS 

_ 

8 + 


* 
* 
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Wood upon Wood 9 wet— 16 5 
upon Ion 4 wet — 10 cdil'd 
upon Bras 5 wet TP Bias 
upon poliſh'd Braſs 6 wet. 8. — 
upon poliſh'd Copper 7 |wet— 9 


With the ſame cutting Sledges, loaded with three Pounds. 


Wood upon Pebble 121 | wet 16 
Iron upon Pebble 14 | wet— 1t12 | "i 
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Wood upon Pebble 9 | wet; 8 
Iron upon Pebble 14 wet — 13 
Lead upon Pebble 16 | wet — 8 
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my Upon Clay. 5 


For the broad wooden Sledge, only 6 Balls. 

For the broad Iron Sledge, 4 Balls. 

For the cutting Iron Sledge, 5 Balls. | = 

For an Ounce Weight with the broad Sledge, 13 Balls. 
For the ſame Weight with the cutting Sledge, 18, Balls. 
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For one Pound Weight with che cutting Sledge, $ Balls. 
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imental Phihſephy. 


Tux different Effects of theſe Experiments will alſo admit of 
a different Way of - explaining them. As for Example, there is 
proportionably more Fotge required to draw along the little Sledge 
than the great one; and that probably becauſe it glues itſelf or 
ſticks to the Parts to be overcome, and alſo the Oil or Greaſe 
ſticking to it become an Obſtacle, inſtead of helping it as they do 
the great Weight, by filling up the Holes in the Wood or Metals, 
their. Parts perhaps as they are ſpherical: may help as ſo man 
Rollers: As Oil is not ſo hard as Greaſe, it does not fo . 
hinder the little Weight, which requires leſs Force to overcome 
its Reſiſtance than that of the Greaſ ee. 
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Fox this Reaſon the great Weight runs more eaſily over the 

greas'd than the oil'd Wood; becauſe the Greaſe being firmer fill 
the Pores of the Wood better, and keeps together the little Parts 
that riſe when it is not greas'd, and which muſt be broken or 
preſs'd down when there is neither Greaſe nor Oil. This obliges 
us to employ more Force, and much more when it is wet; be- 
cauſe the Water penetrating into the Wood, cauſes the rough Parts 
to riſe, which are like ſmall Muſhrooms or Grains of Corn, that 
one muſt either run over or preſs down fla. 


COROLLARY Il. 


AN p therefore when Wood is wet, as in the wooden Sledge, 
there muſt be as much again Force applied as when the Wood 1s 
dry; and a Force more than double would be requir'd if the Wood 
had been long imbib'd in Water, or was of a nature to ſuck in 
a great deal of Water. and to ſwell upon that account. And 
though Water does not ſeem to be imbib'd by Metals, yet t 
very reaſonable to think from theſe Experiments, that it does 

in ſome meaſure join and glue them together; which perhaps 
would not happen when heavy Loads are drawn by Horſes, 42 
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this Adheſion would hinder but little in proportion to the great Lect. IV. 
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As Iron ſometimes appears to run more eaſily over Iron than 
Braſs, and over Braſs than Copper, the Reaſon ſeems to be, that 
ron being harder than Braſs it is leſs liable to yield and fink in; 
and as Copper is fofter than Braſs, it ſinks more than Braſs; an 
_ conſequently has more Reſiſtance and Friction than Braſs; as this 
pears in ſeveral Caſes and ſeveral Sledges; and may perhaps do 
ne fame in the large ones, of Which ours are but as Models. 
CO RNOLLAN TV. 


Wr muſt not conclude from thence,” that Greaſe or Oil ſhould 
not be uſed in Engines, -tho' here they have ſeem'd of little Uſe, 
and ſometimes have been an Hindrance, as here in the little Sledge; 
becauſe we know them to be of uſe in great Machines, for two 
Reaſons ; becauſe they fill up the Holes as we ſee, or elſe rolling 
under the Weight facilitate its Motion, and they hinder the Parts a 
from wearing or flying off; and beſides, they hinder ſuch Parts as | 4 
are broken off, from ſticking to the Work: For if large Machines, | = 
as large Preſſes and Screws for coining Money, were uſed without f 
Greaſe, they would move much harder on account of the ſmall 
Parts that would wear off and ſtick on in other Places, and by that 
means break off more, which would not only make the Engine 


— 4 
"03 


- 


harder to move, but wear it out much ſooner. 
COROLLARY VI. 


BUT tho' Greaſe or Oil ſeems prejudicial to ſmall Machines, 
their Motion is thereby render'd more equal; and tho one may per- 
ceiye the Motion to be more difficult, as in Pocket-Watches when 
they are oil'd, becauſe then they generally go flower, yet then they 
bo more equally: And it is always an Advantage to have them 

| vie '? Fo.” OG 

* This is a plain Conſequence of the At- the Hindrance or Loſs of Force on account 
r for ſince the Attrac- of the ſaid Attraction will always be leſs in 5 4 
3 b 2 _ hy proportionable to the Sur- roportion to the whole Friction, 28 the | _ 


5 ber of the touching Parts £1 ht increaſes. 1. 
d chef riction proportionable tothe Weight, * 
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Tur Uſe of Greaſe is viſible, eſpecially when Wood acts apaint 
Wood for then Greaſe makes the Motion as eaſy again; nay two 
zus eaſier if the Parts be ſharp and cutting, as appear'd from. the 
Ex periments made with the flat and the ſharp Sledge of Wood 
drawn along on Wood not greas d. 40 & VA WETES VVV 
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Fx oM hence alſo it appears how uſeful Greaſe is. for Coach 
and Waggon Wheels, eſpecially in rainy Weather; for if the Naues 
were wet, or if there Was no Greaſe to hinder the Water from 
penetrating into the Wood, four times the Force would be re- 
2 to draw a Burthen, than when it is drawn with Greaſe in 
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Friction made upon the Axle-tree, which is but little when com- 
par d with the Reſiſtance made upon the Ground or the Pavement: 
But beſides the Obſtacle, the Hole of the Nave would grow con- 
ſiderably bigger; for by its ſwelling the Axle - tree would no longer 
be free, and muſt break off the Parts in its Way: Then as the 
Nave grows dry, the Axle will no longer fill the Hole; the Wheel 
will vary and be more liable to break, in thoſe Jolts that happen 
as it goes over a ſudden Riſe, or falls into a Hole. For theſe Rea- 
ſons therefore it is always well to greaſe Machines. 


Tnuo' theſe Experiments do not wholly determine every thing 
that relates to very great Weights to be, drawn upon Pebbles, and 
the Motions of great Machines ; yet they ſhew us which are the 
eaſieſt Metals for moving on one another: As alſo that there acc 
Parts to be overcome or broken off in Frictions: That it is merely 

the Weight and the Motion which cauſe the Reſiſtance and Friction, 
and that the Quantity of Surface does not increaſe it when the 
Parts that rub and bear do not move ſwifter $- for ware 


y Weather, as may be ſeen by the Sledge in reſpec only of the | 
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Sledge goes with leſs Difficulty in ſeveral Caſes, it is not to be con- Lect. IV. 
ſidered as if that Way of making it would ſerve to avoid or eaſe tage 

Friction, for it works as an Edge or a Saw, which penetrates into 
the Body of Metals, or Bodies to be cut; and if it appears to ſlide 
more eafily upon Wood, it is on account of the Grain of the Wood, 
and the Way being once marked it follows the Grain as in a Path, 
and then it has fewer Paths to preſs down or overcome; but on 
Clay, which has no Grain, or upon Pebbles, it goes much harder, 
becauſe the Obſtacles to be removed are greater, as it ſinks more 
when ſharp than Wen, ood ou YI 
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By this one may ſee that it is poſſible to increaſe Friction, by 
making the — ſo ſmall that they will penetrate and 
rub off Parts of what they bear upon, as it may happen to the Pivots 
in Watches, if they ſhould be too ſmall; for then they would ſoon 
make the Holes too big; as likewiſe in Sledges, if too narrow a Bar 
of Iron be put on, thinking thereby to leſſen the Friction on the 
Pavement, and ſo in ther Ca,, ae er bl; 
I %%%SSVSSV%V%VS%V%CC ˙ͤ 025 L5H IE Cot ECOL 
Hrrcr may be eaſily conceived that the Bottom of Sledges 
ought to be broad, and it is better to ſhoe them with two broad 
Plates of Iron under each Piece, than only one narrow one; and 
when the Streets are dry, it would be more advantageous to have 
no Iron at all (the Experiment ſhewing that Wood will ſlide better) 
which ſtill appears more probable; becauſe the little Sledge of one 
Ounce (with its Load) flides more eafily upon the paving Stones 
than the great one; whereas it goes with more Difficulty on other 
2 by reaſon of its being in ſome meaſure glued by its cloſe 
Conehon. nen ai sn amm Hos | 
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B ESIDES this Experiment, one may alſo infer that the Draught 
will be the eaſier in dry Weather with the Wooden Sledges be- 
cauſe when Stone · duſt is ſtrewed before Sledges, the Draught is 
cafier by one 4th Part, whether it be upon Wood, upon ron, or 
upon Braſs: And as there are always ſmall Parts rubbed off from 
2 E e = the 
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oct. IV. the Stones of the Pavement by the Nails of | thi 
— Horſes Shoes, befides the Duſt at that Time; alt which Thi 


with the Experiment in which neither Stone-duſt, hor 


in rainy Weather; but if it was dry Weather, and the Pauement 
not wet, it would be worth while to try with the Sledge itſelf, 
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tain; that if the Sledge and Pas were ſufficiently wet, al 


would not be ſo many Parts for the Iron of the Sledge to remove in 


wvhetting a Knife, which ſlides eafily over the Whetſtone after having 


that Lead cauſes moſt Reſiſtance in many Caſes, where Pivots ot 


to chooſe Matters or Subſtances to make uſe of, and how to cal- 


> Wheels, and the 


will facititate Motion, as may be known by making a:Comparign 
other Du 
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As for the Iron Sledge, it is evident that it would go moſt eat 
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(not in Model) whether then it mightendt be as well not to wet 
the Pavement, as is commonly done by a little Barrel full of Water 
hid upon the Stedge with two little Holes for the: Water to tun 
our and wet the Pavement and the Sledge: Eor though it is cer- 


would go eaſter; it e probable that it is better not to wet 
them at all, than to wet them ſo imperfectiy, as only to make a 
kind of Dirt and Lumps that may prove an Hindrance. There 


running its Length, as was obſerved by the Experiment on the ſmall 
one, which running twite-over the fame Frack, goes much more 
eaſily the ſecond time than the firſt. This may alſo be obſerved in 
rubb'd-it'over once or twice when the Stone is dry, and ſo wears 
but a little; whereas it rubs hard and wears much when the Stone 
eie . 4b axe fans bb oo 
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w do nov peak of the Leaden Sledge; which we onhukd 


Curioſity, and to ſhewꝭ that Parts are-broken off by Friction, and 


Arbors are made to turn upon Lead or Pewter. | 

A. L the foregoing Experiments are of Uſe. to direct us how 
eulate the Force according to the Weight and the Motion which 
the rubbing Parts will have. Thoſe that would: try theſe Epe. 
riments over again dut of Curioſity: muſt take) care to make = 
in the fame Order: 'F irſt, all thoſe that are dry, then thoſe 
FFT TT SID =Þ DOG IHE 


2 4 


) I * 


s vet, next thoſe that are oiled, and laſtly thoſe that are greaſed; Lect. IV. 

bccauſe if the Machines were greaſed. before they were oiled, 'the ww 

Otceaſe filling up the Pores, the Effects of the Oil would only be 

xe thoſe of the Greaſe, eſpecially when we make uſe of Wood. 

W hich muſt, after having been wet, be ſuffored to be quite dry, and 

new planed again before it be anointed- with Oil or GreaſGG. 

ruco' L have in the Notes of my laſt Lecture * mathematically Lea. 3z. 

conſidered the Effects of high and low Wheels, and compared them Ann. 11. 

together; yet as Coaches, Waggons and Carts, and other Wheel- 

Carriages are ſo neceſſary for the Uſes of Life, that only the Diſuſe 

of them for one Month would be enough to put a whole Nation 

W i: Confuſion, I hall here again give an Aecbunt of ſome more f 

u. { Coms's Experiments and Reaſonings about them, being well 

W {tficd of the Truth be aſſerts from my own Experiments; and 

having found his Experiments toanſwer as near as can be expecte 

in Machines that have ſo much Friction as Motels of Oafts ant 

Waggons. I have indeed a Machine with Braſs Wherie, whoſe 

| Steel Axes have very ſmall Pivots ſo nicely made, that any df the 

| Wheels once ſet in Motion will turn upon their Axes for the Space 

olf more than half an Hour, making ſeveral hundred Revolutions 

| before they ſtop; but the Uſe of my Machine being chieflyto/ſhew 
how near thoſe kinds of Experiments may be brought to agree 

with a mathematical Theory ; we cannot expect that any Cart 

to bear Weight can have ſo little Friction +: Therefore I cho 

to relate M. de Camus s Experiments made on Models of Carriages 

of an Inch to a Foot, every way repreſenting Carts and Waggons, 

and liable to as much Friction in proportion to this Bigneſs; be. 

cauſe it ſhews us directly what is the real Friction in the Carriapes 

at preſent in uſe. In the manner of remedying Friction, I ſtrall 

add ſome of my own. Conſiderations and Obſervations to is. 
[BEGIN here with his agth Propoſition, Sect. 5. of his Book 
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above- mentioned. TU. T1159 
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The Wheels of Carriages muſt be exatth round, and the F. elhes 
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gt Angles to the Naves, according to the Inclination of the 


iT is 2 general Rule in all Caſes, 
tound ; for if > not th 


eral Rule in all Caſes, that the Wheels be exactly 
they yrs not do, burhks EEG Hate and ine Nevg ta r r 
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Ledt. IV. out of the Center; it is certain, that ſuch a Wheel, in turning, 
wa would be affected in the fame Manner upon plane Ground, az other 
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Wheels are when they riſe and fall, and would not be in E. fo 


brio; the Wheel turning towards H, would move with as much 
Difficulty, as if there was a Riſe to aſcend, and that Height be; 


along, and the Jolts of the Wheels would precipitate and puſh the 
Horſes at one Time, and immediately increaſe their Difffe Ity of 


drawing the next Moment; and that in Proportion to the Wheel; 
being out of round: Suppoſe the Wheels to be without Angle, 
nay truly round; yet if the Nave ſhould not be in the Middle, the 


Pl. 17. F. 7. ſhorteſt Part, as * F, being upon the Ground, when ſuch a Whed 


begins to turn, the Weight muſt be raiſed in the ſame Manner, ; 


when another Carriage is going up an Hill, and from F to D, ot 
quite to G, the Wheel would act like a Wedge, and at D or it 
would fall and drive on the Horſes as in a ſteep Deſcent; ſo thut 


Horſes or Oxen would be as much tired with ſuch Wheels upon 
even Ground, as in ſtraining to climb up Hill, or to bear the Shock 
of a ſteep Deſcent; and this would moſtly affect the Tiller or Hork 
next to the Wheels: Therefore Wheels ought to be exactly round, 
__ the Naves and Holes of the Naves exactly in the Center of the 
- Mheols, (60nd 2d hare rein Tocabald ads hn 
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Secondly, Tn E Fellies muſt not croſs- wind, but be at right 


Angles with the Naves —_— to the Inclination of the Spokes, 
that is, the Plane of the Circle o 


the Wheel, which paſſes through 
the Fellies, muſt cut the Nave at right Angles, though it need not 
paſs through the Place where the Spokes are inſerted into the Nare; 
for otherwiſe the Wheel, in turning, would find Inequalities, as it 
happens when the Hole of the Nave is too big, and the Wheel 
moves from Side to Side, which comes to the ſame as if the Wheel 
was out of round; and then the Inequality of the Spokes which 
would be too leaning, or too ſtrait upon the Nave deſcending into 
an Hole, or riſing upon an Eminence oppoſite to their Inclination, 
would cauſe them or the Fellies to break. Therefore the Wheels 
of Carriages muſt be exactly round, and the Curves of the Wheels, 
or Fellies, at right Angles to the Naves. T2 6 


o ROLEZ ATR TER 


_ Hence follows, that where Wheels are not ſhod with, Iron, 
great Care muſt be taken to fix Wood to the Fellies, in 32 


round, and thereby the Horſes or Oxen being very much fatigued, 
hardly do half the Work that they would do if the Wheels were 


W kept to their Roundneſs. 
PRO PYHOSITION XXV. 


The Spokes muſt be inclined to the Naves, that the Wheels' may 
be diſhing, or concave. © PER ESA UCY eee eee 4 a 8 

| Ir Wheels always turned upon ſmooth and even Ground, it is 
certain that the Spokes ought to be ſtrait upon the Naves, that is, 
nt tight Angles to their Axes; becauſe then they would bear per- 
pendicularly, like the Spokes B of the Nave A C *, which is the Pl.! 
ſtrongeſt Way for Wood: But becauſe the Ground is unequal, and 
when the Wheels fall into the Ruts, that Wheel which is in the 


$ 


W Rut bears a greater Part of the Weight than the other, becauſe it 


is lower (as we have demonſtrated it) in ſach a Caſe, the Spokes of 
a diſhing Wheel become perpendicular in the Rut, and therefore 
have the greateſt Strength; whilſt the oppoſite Wheel being upon 
higher Ground, bears a leſs Part of the Weight, and conſequently 

| the Spokes need not be at their full Strength, and fo will have a 
luficient Force, tho that Force be leſs than what they have upon 
even Ground. The Spokes, therefore, ought to be inclined to 
make the Wheel diſhing, as is the uſual Practice. 


PROYOSITIOR XXVI. 


The Arle- trees muſt be ſtreigbt in all reſpects, and at right Angles 
F 5 Orin ds 

| In the Motion of all Bodies, there is one Way of moving, 
vhich js the eaſieſt of all the xeſt; and that happens here when the 
Aale-tree is every way ſtreight: For if its Ends ſhould bend _— 
| war 
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Lect. IV., ward, ſo as to ll the Wheels nearer ne behind as A E, 
99 25 1 and ſpread them much before as D C, it is certain that they could 
not go into the Ruts nor turn in going forward, or at leaſt with 
great Difficulty, dragging inſtead of rolling: There would be the 
; lame Inconveniencies in bending the Axle- tree forward, ſo as to 
I. 17. F. 10. bring them nearer the Pole as I 5 +, and make them ſpread behind 
as at BD. The leſs the Axle is bent, the leſs the Inconveniency ; 
but there will alway s be ſome, when the Wheels are not parallel, 
therefore the Axle ee not to be bent at all. | 
Is. „ Ix the Wheels ſpread outwards as D C |, or inwards 48 1 F J 
Fig 10. there will ſtill be three other Inconveniencies. If the Axle bend: 
+ Fig. 9. outwards ſo that D C + bears upon the Ground, the Way will be 
too wide; it will be hard to turn; and the Weight rh drawn 
forward will cruſh the Wheel, the Length of the Spoke C H in 
that Caſe acting as the Arm of a Leaver to break the Axle or the 
80 kes, C being the long Arm, the Center of Motion at one End 
the Nave, and the ſhort Arm at the other. If the Axle be ſo 
Fig. 10. 5 as to bring the Wheels inwards as at I and F *, the ſame three 
| Inconveniencies would happen; the Way would be too narrow, and 
the Weight would tend to cruſh the Wheels, and there would be a 
_ Difficulty in turning: Beſides, they would bear but on the Edge of 
the Iron, and become cutting by their ſmall Bearing. Therefore 
as ſuch Inconveniencies will happen more or leſs according to the 
bending of the Axle, it ſhould not be bent at all. But there will 
be no Inconveniency when the Axle is ſtreight and the Wheels are 


fig. nn. in the Situation CP, AD +. By this means the Wheels will have 


Liberty as they go along ; but otherwiſe, tho' a Wheel when off of 
the Ground might turn upon the Axle, yet when on the Ground 

Fig. 9. and drawn at H ||, it would only dr | | 
| Tux Axle muſt alfo be at right Angles to the Pole « or Shaft; 
for if the Pole or Shafts were on one Side as at B, the Coach or 

Carriage would be drawn on one Side, and almoſt all the Weight 

would bear upon one Horſe ; but it muſt be at right Angles like 

* Fig. 11. the Pole G“, as has been ſaid before. Therefore the Axle-trees 


of all Carriages ys be ſtreight, and at right Angles to the Pole 
or Shafts. « 


COROLLARY I. 


Tris 5 the Maodeunlancy of thoſe Gudchi, mhols Aude | 
are bent fo 5 the Wheels ſpread upwards that — 
touch 


A Courſe of Evperimenta) Phihoophy. 


| mentioned, and the Coaches are more liable t 
the Way is narrowed, and they go into the Coach-houſes with 
more. Difficulty ſpreading: at top, the Tops of the Wheels being 
more aſunder than if the Axle was ſtreight, and when they fivike 
againſt any thing at top, they are more hable to break; and then 


Dis the rolling of the Wheels is hindered; therefore: i it would. 


be bettet to bring in the Braces nearer pen. or uu . N 
Wheels mee afunder: 


COROLLARY WI. 


TAL $ Way ou bending the Ae does alſa render 1 the 
Advantage gained by diſhing the Wheels, as has been explained: 
For in this Caſe the N of both Wheels: bear perpendicularly 
at the ſame time as if they had not been inclined to the Nave;: and 
when a Wheel comes into an Hole or deep Rut, the Spokes: being 
arbor 8 it is mare liable to be cruſhed by the 

ht. This makes the Wheels and Axle- trees more ſuhject ta 
ba and the Spokes to be: looſe or break: Nay; in even Ground 


they cut more; and bear on che Edge: of the Iron Plate, as one may 


obſerve in ſuch Wheels, that the-ſhoeing' is more worn outwardly 


than 1 and this occaſions their ny he Mm N ; 


Streets. 


. XXVII. 


. do ˙ . cle; Bvninbbeiles he - 


th Hind-wheels be ever fo high, and the Fre. wheels ever ſo 
Do FY 

IN Grin of the Anticnts Pictures one may ſee Chariots repre 
ſented with four Wheels all high and equal. In ſome Countries, 
where Faſhions ſeldom change, they ſtill retain. thoſe Sorts of 
Wheels. People, in all Probability, lowered the Fore-wheels, in 
order to turn the more eaſily becauſe: of the Shafts being in the 
Way. The Fore-wheels have alſo been lowered ſtill more in 
Coaches; by reaſons of the Braces, which, in ſome meaſure, hinder 
the turning ſhort, and are liable to be cut by the Wheels: After- 
wards Crane- necks have been invented for turning yet ſhorter, and 
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| wath the Btaces; for this brings on all the Inconveniences above- Lect. IV. 
turn over, becauſe ww 


7 


216 A Courſe of Experimental Philoſophy. 


Lect. IV. of the Crane- neck. Then ſeveral Coachmen pretend that th TY 
— —ꝛq Horſes tire becauſe the Fore-wheels are too high, ſo as not to be 


driven on enough by the Hind-wheels : And this falſe Principle 
has been followed even to Children's Carts and Toys, which are 
made-with very low Wheels before. It is very likely, that they 
would be made ſtill lower, if it was not evident that by making 
them a little lower they would not go at all over ſome Rubs, nor 
get out of deep Ruts. Coachmen generally encourage lowering 
the Wheels, not only becauſe of the eaſy Turning, and their Ima- 
gination that the Hind-wheels drive on the Fore-wheels if they be 
much ſmaller; but chiefly becauſe of their getting up eaſily into 
the Box. Now if the four Wheels are upon ſmooth and even 
Ground, we ſhall find that the Fore-wheels will be at Reſt, though 
ever ſo low, the Center of Gravity of each Pair of Wheels being ſo 
placed that the Line of Direction falls between the Wheels, both 
in the Fore and Hind-wheels. Therefore the Carriage cannot move 
of itſelf in that Situation, only the Fore-wheels are -more loaded 
becauſe they are lower than the Hind-wheels ; but it does not fol- 
low from that, that they roll more eaſily; for if it was ſo, Car- 
riages would be more apt to roll when moſt loaded, which is con- 
trary to Experience. A Conſequence alſo of this Principle of 
W heels driving, would make a Carriage with very high Hind- 
wheels, and low Fore-wheels go of itſelf upon even Ground, 
which never was; therefore the Principle is falſe. 


SCHOLIUM:. 


Ir the Hind-wheels could, by their greater Height, drive the 
Fore- ones, it would follow that a Coach or Carriage would go 
with moſt Difficulty when the High-wheels go foremoit, by making 
the Horſes draw behind. Now let a Carriage be made in Model 
with Hind-wheels of five Inches, and Fore-wheels of two Inches 


and three Lines, which is the common Size, if we take an Inch 


for à Foot (though ſome Hind as well as Fore-wheels are leſs in 
Proportion) and let this Carriage or Waggon be ſet upon a ſmooth 
. Board, and loaded in the Middle with five Pound Weight of Lead; 
let a ſmall Pulley be fixed at the End 'of the Board, over which 
runs a ſilken Thread faſtened at one End to the Waggon, and at the 
other to a Scale, or a little Linen Bag to receive Leaden Balls to 
draw the Loaded Waggon by their Weight. The ſame; Weight 
that draws the Waggon with the ſmall Wheels foremoſt, will 2 

5 e : draw 

1 
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treat Wheels foremoſt, provided the Line of Lea. IV. 


Direction of the Draught be in the ſame Situation in both Caſes ' wy 


This ſhews that there is no driving, whatever Difference of Height 


there be in PE Wheels. 1 K. plane, deren and Fenn 
Ground. | 


I 


COROLLARY © 


I'T pat ON this Notion 1 Fs muſt 8 been from 


ſome Workmen who. org t the Caſe to be parallel between a 
| 


Carriage upon an inclined Plane, and one with high Hind-wheels, 

and low Fore-wheels, though on an horizontal Plane: But the Caſe 
is very different; for on an inclined Plane, the Line of Direction 
falls out of the Baſe, and the Equilibrium 18 loſt ; therefore the 


Carriage will roll till it finds it, or meets with ſome Obſtacle 
that reduces it to an Amuilibrium. This would do the ſame 


in one or two Wheels as well as in four, if one Wheel was broad 

enough to ſupport itſelf. If this be called driving, a Cart, 
though it has but two e will have it as well : as s a Coach © or 
Wagons 14101 | 


1.4 


coront apy . 5 


bs - T is not a good Objection to ay, that the great Wheel being 
in motion, continues to move longer than the {mall Wheel, and ſo 
drives it; for, upon the Ground, the Reſiſtance is much greater 
than ſuch an Impulſion. For if we give by Force ſome Degree 00 


Velocity to a Waggon on plane Ground, but ſuch as may let it fink 


in ever ſo little, as in wet Weather, or upon ſoft Ground, not ſo 
hard as Pavement, as ſoon as the Force ceaſes to act, the Waggon 


will ſtand quite till, which ſhews the Hind-wheels do not drive | 


even in that Caſe. 


COROLLARY u. 


5 F we conſider the Thing upon a 8 be it even, or un- 
even, or upon rough Ground with Riſes and Falls; let the Wag- 


gon be ſo placed as to have the high Wheels upon the higher 


Ground, then indeed the Waggon will run down, and they will 


ſeem to drive the low Wheels; but then in riſing again, the Fore- 


wheels will drive the Hind-ones, and the Waggon will run back- 
OE 1 wards : 
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Pl. 1. F. 
12, and 13. 


+L. 33 Ann. 
it. p. 181. 
| Fig. 13. 


S. Fig. 12. 


ig. 12, & 13. 


Lect. IV, wards: To ſay that the great Wheels turning more caſily will 


drive the better, only ſhews, that the Waggon will go better if all 
the Wheels are large, and that they will altogether roll better than 
if there were two little Wheels. So that little Wheels before do 
not (whatever way you conſider them) facilitate the Motion of a 
Canes. | an 106 PROUD. 


PxorosiTiIon XXVIIE _ 


Great Wheels are always more advantageous for rolling than litth 
ones, mn any Caſe, or upon any Ground whatever. OO 

TH xr Wheels of Carriages are confidered according to the Velo- 
city and Friction they have upon the Axle-tree, and likewiſe ac- 
cording to their Reſiſtance or Sinking in upon the Ground. If we 
conſider them according to the Friction, it is certain that a Wheel, 
whoſe Diameter is double that of another, will make but one Turn, 
whilft the little one makes two, for the ſame Length of Way, tlie 
Circumference (which is in Proportion to the Diameter) being 
double: Therefore in reſpect to Friction, a Wheel of double the 
Diameter will have a double Advantage, there being but one Turn 
inſtead of two, which doubles the Friction in the ſmall Wheel. 
The Wheel ABC*, being twice as big as the Wheel D E F, will 
have twice the Advantage in reſpect of the Friction, the Holes of 


the Naves and the Axles being equal. 


Ir we confider the Wheels according as they fink into the Earth 
or fall into Holes, there will be the fame Advantage for the one 
and Inconveniency for the other: If we conſider the Bearing, it is 
double in the great Wheel, therefore it will fink but half the Way; 
and if we confider Hollows, it will give the fame Advantage in 
ſome Caſes; but then in others (as for Example, where the Holes 
are deep) the little Wheel will have much more Diſadvantage F 
for if it ſhould fall into a great Hole as DE |}, of a Diameter 
equal to that of the Wheel, it would wholly fink in, whilſt the 
great Wheel would only fall in the Depth of its Segment A B*, 
which would not be half the Wheel, as is eaſy to be underſtood 
by the two parallel Lines A D and BE +: We may ſuppoſe the 


| fame to happen in marſhy Grounds where the little Wheel would 


ſink wholly in the ſame Hole that the great one would fink but 
in part. | Eh 1 wy 


x 
4 
* * 


I ,x we conſider an Eminence to go over upon even Ground, as a Lect. IV. 


Pavement, and that it is the fame at B as it is at E*, the Segme 


6 4 F 2 
or he Chord of the little Wheel will be one Third nearer the Ip 


than che Segment, or the Chord of the great one, and there m 

be a Third more Force to overcome the Rub. If the Rub be ſome« 
thing which muſt be broken or cruſhed, wholly or in part, there 
will be the ſame Proportion, and the Circumference of the Wheel 
making a ſort of Wedge, or inclined Plane, it will be ſhorter or leſs 
acute in the fall than in the great Wheel; ſo that the Effort muft 
be greater to over eõ me it all at once: And if the Rubs are only 


Riſes and Falls of Ground, there will, for the ſame Reaſon, be 
more Difficulty for the little than the great Wheel. Conſequently 
y Occa- 


great Wheels are better for rolling than little ones on an 
tion, or upon any Ground whatſoever. 


"CORXOELL4HT TE 


HEN x it follows, that if a Wheel be only one Inch in Dia- 
meter, or in Height, more than another, it will have more Ad- 
vantage; and that the higher the Wheels are, the more advan- 
tageous they are in Proportion, provided they are not too high, 

that is, not above five ot fix Feet high: For if they ſhould exceed 
that Proportion, they would themſelves become a great Weight; 
or, if made light, then they would be too weak and fubject to 
break on account of the great Length of their Spokes; beſides, 
with ſuch Wheels Horſes would be hindered from exerting their 
utmoſt Strength, by having the Axle-tree higher than their Breaft; 
ſo that they would draw downwards, eſpecially if the Horſes are 
not very tall; as in little Wheels the Draught is made more diffi- 
cult by the Horſes drawing upwards : For to deviate from an hori- 
zontal Line of Direction, by drawing either upwards or downwards, 
is inconvenient for the Horſes, as will appear more plainly by the 
following Experiments. Pa | | 


| PRoro%iTttoNn XXIX. 


CARRIAGES with four Wheels, as Waggons or Coaches, 
are much more advantageous than Carriages with two Wheets, as 
Carts and Charges, yy oe ng 
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Dect. IV. Win 4aT we are to conſider in Carriages is the Advantage-which 
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they have one more than another in rolling, and the Manner of 


applying Horſes, or Oxen in ſuch a Way as they may be the leaſt 


ſubject to tire, and that they may draw with the greateſt Advan- 
tage, Now in applying Horſes to a Cart with two Wheels, it is 
plain that the Tiller carries Part of the Weight, in what manner 
ſoever the Weight is in Æquilibrio upon the Axle; for in going 
down an Hill the Weight bears upon the Horſe, and in going up 


the Hill the Weight falls the other way, and lifts the Horſe (that 
is, pulls him upwards) which takes away great Part of his Force: 
and if to avoid this laſt Inconveniency, the worſt of the two, the 


Weight be put forward, the Horſe will the ſooner tire for carrying 
as well as drawing. Beſides, as in the Holes in the Road, ſome- 


times one Wheel ſinks in, and ſometimes another, the Shafts ſtrike 


againſt the Tiller's Flanks, which is the Deſtruction of many 
Horſes. CCC OG et 
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 MoREoveR, as in a Cart the whole Weight bears intirely 


. 


happen otherwiſe; for one of the Shafts would ſtrike the Tiller in 
the Flank. As for the Objection, that there is leſs Friction upon 
two Wheels than four (which very likely has been the Reaſon for 


Preferring Carts to Waggons) it is wholly falſe; for we have ſhewn 


that there is as much Friction upon two Wheels as upon faur, if 


mere be the fame ſized Hole in the Nave, and the Weight be the 


fame. 


* 6 
* 5 
0 1 4 F 
* 5 a 
* . 4 2 
3m XN 


ſame. On the contrary, there will be rather more in the. Uſe of Lect. IV. 
the Cart, becauſe as all the Weight bears upon two Points, tg 


ſmall, Parts will be more liable to be torn off, the wearing being 
double; and if the Load on the Waggon be not greater than on the 
Cart, by making the Axles and Holes of the Naves leſs, it will 
have ſtill leſs Friction; but the Friction (or at leaſt. that Difference 
of it) being but little when the Wheels are well greaſed, it is not 
worth Notice. Beſides the Advantage ſnewn in the Uſe of four 
Wheels, we,muſt have Regard: to the Till-Horſes which carry as 
well as draw in the Cart, but in the Waggon exert more Strength 
to draw, and yet laſt longer, becauſe they are not banged on the. 
Sides. Therefore Four-wheeled Carriages, as Coaches and Wag- 
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gons, are more advantageous than Carts and Chaiſes. ; 
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Ir there be ſome Conveniency for turning in making the Fore-- 


that would be effectual if they were large, 1 to the 26th 
ittle Wheels, 


under it. | „ ö 
BSI DES theſe Diſadvantages, Horſes that draw upwards tire 
ſooner, and grow more {tiff in the Hams; and this is the Reaſon. 

that Horſes that have been uſed to a Coach are no longer fit to Be 
ridden, tiring their Riders very much; which would not happen 


if the Fore-wheels were high, and the Points where the Traces. 


are fixed were as high as their Breaſt, fo as to draw in Lines paral- 
lel to the Ground, as Cart-horſes commonly do, and thereby gain 
ſo much as to overcome the Diſadvantages that Carts otherwiſe 
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Lect. IV. Turs Advantage ef Carts would ceaſe if che Four Wheels of 
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A Waggon were equal, and then one would have the'abdve-tnen- 
tioned Advantages aifo of four Wheels oer ko, Seme objea, 
that the Horſes drawing upwatds, lift the Coaches out of the Dirt, 


. 


4 the Weight; and as Horſes, one with another, arè able to carry but 


200 Ib, but can draw near 1000 IÞ on a Waggon, this Way muſt 
tire them more than fair Drawing when the Traces are parallel to 
the Ground; therefore it is beſt to have all the Wheels of a Ccach 
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Tu E following Experiments will confirm what I have been 
explaining. Let us make uſe of a little Waggon or Model of an 

Inch to a Foot, repreſented in the ſeventeenth Figure of the ſeven- 

teenth Plate, with the four Wheels of fire Inches and nine Lines, 

and ſo contrived, that one may put on Wheels of different Diame- 

ters: As for Example, Four of 5 Inches, Two of 2 Inches 3 

Lines, Two others of z Inches; and let them have Naves, Spokes 

and Fellies in proportion, to repreſent the Wheels of a Coach or 
Fl. i. F. j. Waggon. Let them be changed one after another, the Waggon“ 
DB being always leaded with the ſame Weight A of 5 Ib, and 
drawn by means of a ſilken Thread running over a Pulley, with a 

little Bag, or Scale of a Balance to put in Balls for the different 

Wheels, according as they are to run on even Ground upon Earth, 

Sand, or Pavement. The Board A F muſt be of Oak, three Feet 

long, plained on one Side, and carved on the other to imitate the 
Pavements and the Channels of Streets: The paving Stones muſt 

be of 7 or 8 Lines inſtead of 7 or 8 Inches, reducing them from 

Inches to Lines, as the Wheels are reduced from Feet to Inches. 

It muſt be ſo contrived, that the Pulley may be turned to either 

Side of the Board. The Whole being ſo diſpoſed, the Experiments 
ie following ble. 

To repreſent a Cart we hang in Equilibrio under an Axle- tree, 

the ſame Weight A of 5 th, and a Pole only is made faſt to the 

Axle- tree to tie the String to it, which makes the Cart three times 

lighter than the Waggon in making the Experiments; for the 

Waggon has an Axle-tree, and two Wheels and Shafts more than 

the Tint ; and the full Wheels of 5 Inches and 9 Lines weigh 
twice as much as the Five-inch Wheels with Spokes. . 
| To 
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For the ju Poight f Five Pounds upon 1 the Wag eben 


With the Four Wheels af Vive RIG | 
With the Two little Wheels before. _———— 
With the Wheels'of Three Inches before _ pc 
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For th Cart and the Jars 7 be, 
With the Wheels of Five fiiches — * LEV 2 
With the Two little Wheels — hn 1— 
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With the Two Wheels of Three Tehes—?— "of 
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With the Waggon Apen very FR Earth, 


With the Four biggeſt Wheels, 2 Lines wide or thick 12 
Wich the ſame narrower and almoſt cutting — — 16 


With the Four of Five Inches, Three Lines wide — 6 
With the Two leaſt before — — 12 


| With the Two of Three Inches before - AL ee 8 


For the Cart upon the fame Earth. 


With the Two abut Wheels e 92 
With the Two leaſt — 


With the Two of Three Inches TH di Wt 308 
"vr 426 Haggon ehen dry Sand. 11 
With the Four ir Wheels of Fiye Inches W {1 Af” 


With the leaſt Wheels before — — 46 
With the Wheels of Three Inches before n 5, 
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T 0 Fans, 4, Load of 5 15 upon che e Side of the Board Lect. IV. 


laid level with the fous great Wheels, each of 5 Inches, 9 Lines i 


Diameter, * Is gccafion but for three — of a Ball. 
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With the. Two Wheels of Fixe. Inches | Si — 40 
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1 "3 the Wa aggon f upon wet 4% 


With the Four Wheels of. Five Inches, — — 14 
With the Two leaſt Wheels before — 28 
With the Wheels of Three Inches before — — 17 
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For the, Cart upon. wer Sand. 


With the Two Wheels of Five Inches 17 
With the Two Wheels of Three Inches — — 24 


To overcome an Eminence or rn Rab, ao Tw, wo. Lines, for th 
— — M aggon. T1475 555 1 97s i} 


With the Four Wheels of Fi ive Inches + : aſs | 1 c 20 
With the Two leaſt Wheels before — — 30 
With the Wheels of Three Inches before — — 25 


Half the Number of Balls will 7755 | when oh 6 one M, heel 
ee over the Rev. 
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For the Ca 70 bg over the fame Rub. 


With this Two Wheels of Five Inches — — 35 
With the Two leaſt Wheels — B 
With the Two Wheels of Three Inches — — 40 


For the 2 aggon to overcome an Height 7 one Line 


With the Four Wheels of Five Inches — — 1 5 
With the Two leaſt Wheels before — — 221 
With the Two Wheels of Three Inches before — 17 
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Lect. IV. | 

Hr the Cart 10 Fo. over the fame Rub. _—_— | 

: | Balls. | | 
With the Two Wheels! of Fire hickds'/ — 27 1 
With the Two leaſt Wheels |! ä — 38 | 
With the Two: Wheels of er ent — 31 ; 


For the 2 * e to come out of a Hoe, as 1 27 a paving 
Stone Was wanting under each , beet. 
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With tis Pott Wheels of Fi ive inches ; 
With the Two leaſt Wheels before — — 18 
With the Two Wheels of Three Inches — — 1 

If the Weight be laid upon the little Wheels before, 
to come out of the ſame Hole, we mult put in 134 


Wt if it be laid upon the Hind-wheels, and the; 
Ground TOR, oy 


For the Cars 70 4 drawn g out 2 fre ſame H ole. 
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1 40 
With the Two leaſt Wheels _ , 


With the Two Wheels of Three IO — — 2 5 
For the WW agen 70 ho. drawn. rom an Hibs: + as out of the 
_ Channel or Kenne of the Pavement. 


With the Four Wheels of Five _ as 4 
With the Two leaſt Wheels before 8. 7 
With thoſe of Three Inches | 


sr drawing the Cart o out ; of the ſame Hol 


With the Two Wheels of Fi ive Site 
With the Two leaſt Wheels 
With the Two of Three Inches 
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For the 8 pon the Pauememt. 
mit. 
With halo Wheels of Five Inches — — 22 
With the Two leaſt Wheels before — — = 
With the Wheels of Three Inches 5 
When the Wheels of Three en are behind, "and 
thoſe of Two before — — 14 


* 52 Cart upon the Pavement. 


With the Wheels 0b Five A 1 997 . 8 | * 
With the Two leaſt Whe eis ͤ— 8 
With the Two Weng of e Inches — — 62 
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For the 24 aggon. 


With the Four Wheels Art theties 2 3, 4¹ | 
With the Two leaſt Wheels before — — 6: 
With * Two Wheels of Three Inches before ; 451 5 


1 * 1 . 


git” wa * Cart ! in oe Þ fame m MANNCY.. 


With the TWO Wheels or Five ge — _ — 
With the Two leaſt Whecei ?:?! — — 
With the Two of Three Inches — — 8 


1 F we make uſe of the Four great Wheels of Five Faction and 


nine Lines, about one Quarter more of Force is required than for 


the Wheels of Five Inches, which are three Lines wide, and that 


as well for the Waggon as the Cart; becauſe as thoſe largeſt are 


very narrow, and almoſt cutting, they run into the Separations of 
the Pavement, and after fliding down between two Pavements, to 
riſe up again, there is more Force required, and they go leſs ſwift 
than the broad Wheels, even when that Quarter of Farce is ſuper- 


added, and though they are ſo much bigger; but upon plane and 


7 iy: Groting?” where they don't ſink in, they 0 much satter, 


and have more Advantage than che others. I 5 5 


WuHENCE it is caſy to judge how much thoſe Carters are de- 
cciv'd WhO would have the Irons or Shooings of the Wheels to be 
made very narrow, that they may the better come out of the Ruts, 
and cut the Ground the more eafily : For if the Wheels have no 
Friction on the Sides of the Fellies, being narrow they ſink deeper 
and ſpoil the Ruts the more; and if they go where there are no 


Ruts, as on Earth, they will tire the Horſes much more, one fou th 


Part more Force being requir d. Such kind of Wheels are very diſ- 
advantageaus to every body, becauſe they cut the Ruts the deeper. 


COROLLARY I. 


Tur ſame Inconvenience happens upon Pavement, and the 


Irons of the Wheels being narrow they wear out the faſter, bear- 


ing in ſome meaſure but upon one Point; and as the Iron Plates 


wear, they grow round, and ſlide more ſtrongly between the Paye- 
ment, which alſo breaks them eaſier than thoſe that are wider. 


COROLLARY in. 


By the Experiments upon the ſmooth Board, it appears that the 


Friction upon the Axle-trees is inconſiderable; for with the Wag 


zon that had the four Wheels of five Inches and nine Lines, one 
Ball, twenty of which weigh a Pound, draws a Weight of fix 
Pounds, or a Weight of five Pounds, with the Wheels of five Inches: 
The Waggon together with the Wheels weighing beſides about one 
Pound and a Quarter, which makes the whole Weight taken to- 
gether equal to 130 Balls. So that in this Caſe, one Pound would 
draw 130 Pounds; or what amounts to the ſame thing, the Fric- 
tion on the Axle would be only equal to the 13oth Part of the 
Force with Wheels in this Proportion . For when the Ground 
is perfectly even, all the Reſiſtance ariſes from the Friction, which 
is but ſmall in compariſon with the ſinking in of the Wheels in 
Earth and Holes, from whence they muſt be raiſed, 
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COROLLARY) IV. 


Bux the Experiment of the Cart, whoſe Weight only bears upon 
two Wheels, it appears that the Friction is double when compared 
with that of the Waggon with four Wheels: For there is required 
double the Weight for the Cart; and even then it does not go till 
it be put into Motion; whereas the Waggon goes of itſelf, and 
double the Weight, or thereabouts, is required for Wheels of half 
the Bigneſs. This, perhaps, is not altogether owing to the Fric- 
tion; for it ought to be double in the little Wheels, compared 
with the great ones, fince they go twice round while the great 
ones go but once round; and though the little Wheels in the Cart 
muſt be ſet. a-going as well as the great ones, yet they go a little 
faſter than the two great ones, and the two great ones in the Cart 
faſter than in the Waggon, though they move in zigzag: This may 
alſo partly be owing to their not being perfectly round, nor in 
quilibrio upon the Axle, which is. not ſenſible in the Waggon: 
And this ſhews that it is a great Diſadyantage to make uſe of Carts, 
even in reſpect of Friction. % lf OY 
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TT is eaſy to conceive, from the Experiments made upon hard 
Clay, and upon Sand, that half the Force is generally loft in a 
Waggon, when little Wheels are before inſtead of great ones: For 
though it does not appear that half is loſt upon the Ground when 
the Earth is firm, there would be much more than half loſt, if 
the Earth was ſoft, as we ſee more is loſt on dry Sand. Beſides, 
one would often be mired with little Wheels in thoſe Places where 
great ones would go through. 2 | 


O ROL AR F vi. 


AN» though half the Force be not loſt upon the Pavement, 
eſpecially when a Waggon or Coach is drawn by the Horſes in a 
Trot, becauſe as the Wheel goes down the Declivity of one Pave- | 
ment, it acquires a Force to rite up the next; but yet if we obſerve: 
the Horſes drawing, we ſhall ſee that they grow heavy or ſtiff in. 
che Hams, drawing upwards; and on that account, in theſe Cir- 
cumſtances, we may alſo reckon half the Force, even upon a Pave- 
ment; but there will be more loſt on ſtiff Clay and Sand. 
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COROLLARY VIE nn 
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Ir we add to this the Conſideration of the hinder Axle being 
bent in a Coach, which makes the Wheels be leſs free, we need 
not wonder that vigorous Coach-Horſes that are well looked after, 
will be fatigued when they have drawn two or three Hours in the 
Streets, and have gone four or five Miles upon the Pavement : And 
for the Country, we muſt uſe four or fix Horſes, and we find that 
if they be backed a few Steps they'll be out of Breath, by reaſon 
that the End of the Pole is low, and has a Tendency to break in 
ſuch a low Direction; whereas the Force and Direction would be 
wholly employed in going forward or backward, if the Pole was as. 
high as the Breaſt of the Horſes, Py wan high We before. 
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COROLLARY VIII. 


H NOE we may find, that Horſes pay very dear fob FR Conve- 
niency of a ſhort Turn, and that it would be better to go to the 
End of a Street for the Conveniency of turning: For fince half the 
Streets are inconvenient, even for a ſhort Turn, what would it ſig- 
nify if the Wheels were high, and the Pole had not the Crane 
neck, or arched Piece-behind, to go a little farther, or croſs a few. 
more Streets? It would be better for the Horſes,” and even for the 
Coachmen, who would be leſs fatigued with the Jolts; and that 
would be ſufficient Amends for a little more Trouble to get up into 
their Boxes, which happens but once; whereas they are ſhaked 
with a thouſand Jolts. Their Maſters would be leſs interrupted”. 
in their Buſineſs, by ſuch Jolts as happen in the ſhort ER and: 
the Coach —_ Woure be leſs liable to overthrow.” 


COROLUARY IX. 


* 


THEREFORE the Contrivanee of a eircular Piece of Crane 
neck for turning, which obliges one to have little Wheels, has 
much more Inconvenieney than Uſefulneſs, both for the Horſes 
and Coachmen, beſides the greater Expence of the Crane-necks, 
and the Springs, which are often the Occaſion of overturning, by 
hop: up the Coach too high, as has been ſaid, | 
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COROLLARY X. 


Cox SLDEBRING theſe Experiments made with great and little 
Wheels, it is not hard to conceive that the Berlins are harder for 
the Horſes than Coaches; befides the Lowneſs of the F ore- Wheels, 
the Shafts do not yield, and the Pole that bends ſends: back the 
Wheel a little when there is a Rub to be overcome, and then draws 
it on more ſwiftly; this makes the Wheel act backwards like a 
Wedge. If Berlins are leſs ſubject to overſet, when they do, the 
Fall is the greater: If they coſt leſs, the Wheels muſt be oftner 
repair d, becauſe in the Berlins the Wheels cannot have long Naves; 
and * the Shafts break oftner than Poles. 


COROLLARY XT. 


TH o' it may Nen that there is not ſo much Advantage in going 
up and down for great Wheels as for little ones, becauſe as they 
roll eaſily they are troubleſome to the Horſes when they are going 
down, and that the little ones not rolling fo eafily are not ſo diffi- 
cult to ſtop; and beſides, that in going up Hill, the Fore-Wheels 
are not ſo much loaded, and therefore leſs Force is required in pro- 
portion to the great ones than upon plain Ground: Yet it appears 
that in going up there is always more Force required for little 
Wheels than for great ones, and that it will always be ſo propor- 
tionably ; for as the Direction is lower, the Horſes are thereby 
more tired, and tho' the great Wheels are more rolling, the Horſes 
too have the full Advantage of their Strength to ſtop them, the 
Pole being then Breaſt high, whereas it is very low when we uſe 
{mall Wheels, and it tends to break, as often happens in going 
down Hill: So that all being well weigh'd, there is at leaſt as 
much Advantage in Proportion for the great Wheels as the little 
ones in going up and down Hill : Beſides, in travelling we go an 
Hundred Steps upon plain Ground for one up or down Hin. 


COROLLARY XII. 


THERE is another Diſadvantage for little Wheels, which is, 
that they break the Pavements and ſpoil the Ways more than great 
ones: Belides, they bear more Weight, and having leſs Bearing they 
{ink deeper and jump up higher; which hurts the Houſes which m 4 

1 Ake 


3 


make as __ g ys oy make more Koi, and. allo ſplaſh Led. Iv. 
more. | | . 


COROLLARY XIN. 


ONE may ' ſee the Difference of ſtiff Clay, Sand and Pavement, 
that it is always moſt advantageous to draw on the Pavement, and 
that Horſes muſt needs tire very much on Sand; but that in rainy 
Weather it is often better to go on the Sands chan the common 
Earth when it is a Riff Clay: But in dry Weather Earth is better 


than Sand, Sand being more eaſy to draw POR: when ae is the. 
moſt er Sc. 


COROLLARY XIV. 


AccoRDING to the Experiment of bringing forward the 
Weight upon the little Wheels, where twenty-four Balls were re- 
quired to draw the Load out of a Hole, inſtead of three when the 
Weight was behind, and not in a Hole, it appears that there would 

be required much the ſame proportional Force, on Pavement or 
Earth. This ſhews, that going into the Country, it is better to 
put Boxes, Portmanteaus, and Footmen behind than before; which 
is the Reverſe of what moſt Coachmen do, imagining, according 
to their Notion of great Wheels driving, that the Coach will roll 
the better, the more it is loaded before. Whereas the Pages who 


are before fatigue the Horſes twice as much as the Footmen that | 
are behind. 


CURDLILARE XV. 


By. obſerving the Waggon or Cart 8 on the Sand, for 
which a Quarter of Force muſt be added to each of them when 
they had time to ſink, one may conclade, that if a Carriage be marred, 
and the Horſes are baulked in their drawing; we mult not ſtand 
long, but put on the Horſes behind to drawit out, and then go through 
another Place if potible z if not, the Horſes muſt from ſome little 
Diſtance be driven bri:kly, that the Wheels may not have time to 
fink, and the Hories may have acquired ſome. Swiftneſs, as When 

we go to jump ever a Ditch. In making the Experiments, we 
muſt not give the Wheels time to fink on the Sand or Earth, but 
lift them up every time when we put Balls into the Bag if there are 
not 
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Lect. IV. not enow. One may obſerve that even upon Pavement we muſt 
| — ae ten uſe more Weight when the Load has ſtood ſome time, the Adhe- 
ſſion of Parts (or rather rabing like the Teeth of Wheels) becoming 
» Ya! greater both on the Axle-tree and on the Pavement, as has been 


— —— — 


obſerved in the Confideration of Friction. a 
| | | | - 
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II is alſo well when we travel upon Sand, either in dry or in 
wet Weather, to go in the Ruts, whereby we may avoid the Fric- 
tion on the Sides of the Fellies or Curves of the Wheels, and have 
no Earth to turn up, and alſo the Ground is firmer there. It 
appeared by the Experiment, that when the Waggon or Cart had 
gone twice thro' the ſame Ruts, if it was then drawn in the ſame 
Rut the third time, it required ſcarce half the Force this laſt time, 
whether upon Sand or upon Clay, becauſe the Wheels then did not 
fink above half a Line: Therefore in making Experiments to be 
compared together, we always. filled up the Ruts of the Sand and 
of the Clay, that the Difficulty might be the ſame in the Caſes 
compared : For without that, when the Cart went after the Wag- 
gon, it always had the Advantage in the Experiments on Sand; 
and the Waggon would ſtill have loſt more if it had gone before 
the Cart upon the Clay, 0 | 


COROLLARY XVII. 


SEVERAL other Things might alſo be obſerved concerning 

little Wheels, as to Holes, Heights to be overcome, and other 

: Caſes, wherein there will always be found a great Diſadvantage : 
If it be not fo great in the Heights to be overcome, becauſe there 

appears to be only the Loſs of a third Part, as the little Wheels 

then do not fink deeper than the great ones; yet in other Caſes 

more than half the Force is loſt: So that which way ſoever we 


conſider that Matter, there will always be more Diſadvantage than 
Conveniency. 5 | EX 


"COROLLARY. XVI. 


As to the Carts with two Wheels, we ſee ſufficiently what Diſ- 
advantage they have when compared with Waggons of four equal 
Wheels; and if they have any apparent Conveniencies, as that of 

8 | | | loading 

|S 


7 
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| loading and unloading more eaſily, much more is loſt than gained Lect. IV. 
by ſaving that Labour, which ought not to be confidered, any more 
than the greater Eaſe of going into a Chaize with low Wheels; | 
for we ſulter for it in another Caſe by the rough Jolts, and the 
greater Labour of the Horſe that draws. b 


FN MX 


Tr1s Reaſon of loading more eaſily might at moſt obtain in 
Cities, where we uſe ſmall Carriages and often load and unload ; 
but for Carriages that hold their Load a Week or two without un- 
loading, the greater Eaſe of loading ſhould not be confidered. At 
that rate we might alledge that we ſhould only uſe Sledges, rather 


than load upon a Waggon with four high Wheels : But what would 
be the Difference of the Profit? 


COROLLARY XX. 


Do not thoſe Carters who uſe Carts to carry Wines with very 
low Wheels, that they may load with the more Eaſe, and then 
alſo ride upon the Horſe, deſerve to be made to draw the Cart 
themſelves inſtead of killing Horſes by needleſs Labour that might 
do great Service if worked. moderately ? That Lazineſs is ſo much 
the more to blame, becauſe a Turn or two mote of the Handle of 
the Jack, or of the Windlaſs, would raiſe up a Veſſel of Wine into 

a high Carriage, with ſpending very little more time, and ſcarce _ 
taking any more Pains. | 1 755 


C NA 3 ME 


Ir the Cart has ſome Advantages on account of the Direction 
of the Fore-Horſes, and the Height of the Wheels, it has a great 
Diſadvantage for the Tiller, eſpecially upon Pavement; one Wheel 
coming down from a high Pavement drives one Shaft againſt the 
Horſe's Flanks, then the other Wheel falling drives the ather Shaft 
againſt the Horſe's other Side, fo that the poor Horſe being banged 
about, eſpecially in great Jolts, is ſoon worn out, or killed; fo that 
there muſt be a great Force to draw the Cart upon the Pavement 
on this account; and even when it is drawn by a String over a Pul- 
ley it goes in zigzag. | oY 


Vor. I. | H h | | bl CO- 
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COROLLARY, XXII. 


_Bes1DExs this Diſadvantage, the Tiller carries part of the 
Weight; as he goes up, the Weight falls back; and pulls him, and 
in going down Hill the Weight comes upon his Back : Beſides he 
is forced to ſtop alone an immenſe Weight that is laid upon the 
Cart; ſo that it is a Wonder no more Tiller Horſes are kill'd, tho 
People generally make Tillers of the {ſtrongeſt Horſes they can get. 
A Horſe thus harraſs' d every way cannot employ ſo much Force 


to draw as if he was before, or between, the Shafts of a Waggon, 


where he is not banged upon the Sides, and has nothing to carry. 


COROLLA R FI WII. 
W ner N we conſider how much of the Tiller's Force is loſt, how 
much deeper the Wheels ſink in than in the Waggon, how much 

more Force is required upon Sand, Clay and Pavements; we may 

judge, that there is a double Advantage, or nearly, to make uſe of 
a Waggon with four equal Wheels and as high as thoſe of Carts ; 
for the Direction for the Horſes would then be the fame ; and the 


Experiment ſhews us how much more Force is requir'd for a Cart 


upon Sand and Clay, where it goes ſtreight like a W aggon. 
onder Ar IV 


So ME Carters, when they have new Wheels in their Carts falſly 


attribute to the Friction of the Naves the tiring of their Horſes, 


which are twice as much fatigued without appearing to do any more 
Work; for when the Wheels have had a few Turns they go free 
upon the Axle-trees ; and when they are well greaſed they go as 
eaſy the ſecond Day as any time afterwards; beſides we have ſhewn 
that the Friction on the Axle-tree is very little : But the Caufe of 
this Labour to the Horſes is the Quantity of Nails in the Iron Plates 
round the Wheels, and the great Height of their Heads, which. 15 
about an Inch. This Difficulty of rolling along when there is a 
Space between the Nails, is in the Experiment repreſented by an 
Height of one Line to overcome, reducing the Feet of the Wheels 
to Inches, &c. And fince it appears that there muſt be twenty 
times more Force, or thereabouts, to overcome this Height of one 
Inch; though the Nails ſhould, be but half an Inch high, one may 
| | . ef 19 TIES 
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gueſs how much Labour muſt be employed to raiſe the Weight fo Lect. IV. 
at every Nail when the Shooing of the Wheels bears upon the Paye- — 


ment, and then the Wheel is raiſed up upon the Head of a Nail all 
the while the Wheel goes round, and eſpecially where there are 
narrow Gutters. This is the true Cauſe of the extraordinary La- 
bour of the Horſes. 175 
4 COROLLARY XXV. Sy 
 Tr1s ſhews that it is neceſſary the Wheels ſhould be round, 
and the Carters who think they ſave Money in uſing many great 
Nails (becauſe the Iron Plates or Shooing does not wear ſo faſt 


when there are ſuch Nails) are in an Error, and loſe double by doing 
leſs Work, and fatiguing their Horſes. 


COROLLARY. XXVI. 


* HESE Nails alſo have the ſame Effect as narrow Plates; they 


{ide between the Pavement, and from thence they have a greater 


Height to rife in lifting the Weight up, and ſometimes ſliding 
down again, and that wears the Plates round, which makes them 
{ide more between the Pavements and into the Ruts, which the 
Kennels make in the Middle of the Streets; and it is alſo upon this 


account that narrow Plates ſoon grow round; and, being round, 


tire the Horſes almoſt as much as if there were Nails. 
do. AR Nn 


Tus ſhews plainly enough, that it is advantageous to have the 
Plates upon the Fellies of the Wheels wide, as well on the Pave- 


ment as on the Ground, as it appeared by the Experiment of the 


great narrow Wheel upon the Pavement; and alſo conſidering the 


Strength that the Horſes muſt exert to draw out the Wheels from 


the Kennels, the Damage. that is done to the Pavement, and the 
quick wearing of narrow Plates, which alſo ſoon become round and 
inconvenient. It would be better to have the Kennels like Troughs, 


wide and ſhallow *, as I E, Fig. 14. and not like L M, Fig. 14. * Plate 17. 


which is the common Make of the Chanels in the Streets. 


Hh2 _ C o- 


Fig. 14 & 15. 
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COROLLAR Y xxvnl. 


Ir Kennels were made in this Shape, ſeveral Advantages would 


be gained: The Plates or Shoeings of Wheels would not ſo ſoon 


grow round, nor break the Paving ſo eafily : The Pavement of the 
Kennel itſelf would laſt longer, becauſe it would not receive ſuch 

great Shocks, every Part ſupporting more equally ; whereas now 
the loweſt Place bears much a greater Part of the Weight, whereby 
it ſinks. moſt and ſooner breaks. This ſinking in makes thoſe Places 


lower when they are mended, and the Rain-water ſtays in them, 


ſo that the Wheels or the Horſes Feet ſtriking into them, ſplaſh the 
People that walk along; whereas the Water would always run 


down into the Middle of the Kennel; were it not for theſe Incon- 


veniencies : Neither would the Stream of the Kennel-water grow 
ſo wide as it does in great Showers, becauſe in the Form we pro- 


| poſe, the Kennel is wide enough at Bottom to carry off the Water; 


and it would be eaſier in walking to ſtep over them. 
CORODL £4 A RY NAH. 


Tus alſo might the little Channels, that bring the Water 
from the Houſes to the Kennels in the Middle of the Street, be 
made leſs: Nay it would be better to be without them, only 
making a gentle Declivity from the Houſes -to the Middle of the 
Street. Theſe little croſs Kennels are very inconvenient for thoſe 
that walk the Streets; nay for the very Horſes and thoſe that go in 
Coaches: People don't conſider that one muſt ſtop a little at every 
one of theſe Channels and go irregularly, taking firſt a little Step, 
and then a great one to ſtride over; and a little Stop of the Center 
of Gravity, or of a Body in Motion, tires one very much: This is 
the Reaſon why People are more tired to walk an Hour in Paris 
than two or three in the Country, even upon Pavement, becauſe 
there the Body always continues its Motion without Interruptian. 
The fame might happen in Paris if there was only one Kennel 
pretty wide and ſhallow in the Middle of the Streets; then alſo 
Perſons that go in Coaches would be leſs jolted. 


COROL- 
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a RKOLEXE IRC — 


Tur Uſe of Waggons with regard to paved Streets and to pub- 
lick Roads would alſo be of publick Advantage, inſtead of Carts, 
which are very weighty in proportion to their Bigneſs, and which 

are generally loaded ſo heavy as to endanger the breaking of all the 
Geer. The vaſt Weight which they carry being ſupported on two 
Points, as they have but two Wheels, ſinks deep and makes great 
Ruts in the Ground ; and upon Pavement when the Wheel is born 
up on a Nail Head and comes to fall down again, it preſſes down 
or breaks that Pavement worſe than if ten or twenty Waggons with 
as heavy a Load had paſſed over that Place. For a Waggon Wheel, 
that falls upon the ſame Place, and from the ſame Height, comes 
down but with half the Weight that the Cart Wheel does, and 
therefore ſtrikes it but with half the Force. Now the Pavement 
being ſomething of the Nature of Glaſs, will not break unleſs it 
receives a ſufficient Blow ; and an hundred Blows, if each of them 
be leſs than that fufficient Blow, will not break it. The Blow 
from the Cart in thoſe Places is often ſufficient to break the Pave- 
ment where an hundred Blows from a Waggon Wheel, as they 
ſtrike but with half the Force, will not be able to hurt it; ſo like- 

_ wiſe will a Waggon paſs over as often as you will where a Cart 
would fink in. Carts therefore, little Wheels, narrow Plates for 
3 the Fellies, and great Nails, are to be avoided as much as 
can be. ” 
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COROLLARY xxx, 


By the Experiment made upon Clay and upon Sand, we may 
ſee how uſeful it is to have the Roads firm and ſolid, ſince there is 
ſo much Difference between the one and the other. And certamly 
the Carriage of Goods, by Land or Water, contributes much to the 

artificial Riches of a Kingdom or State: And all things well conſi- 
dered, we ſhall find that the Time and Expence employed in 
mending Roads, is the moſt for the publick Advantage. 


————— 
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COROLLARY XXXI. 


In this, and the other three following Corollaries,, Mr. C anos 
finds fault that the Laws and Orders concerning mending Roads 
and Matters relating to Carriages are no better obſerved, _ 

_ | 8 takes 
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Le. IV. takes Notice that a Farmer that uſes many Horſes to draw a large 

Cart very heavy loaded, may ſpoil the Roads for many Miles, worſe 
than an hundred others with the common Carriages, and therefore 


propoſes in | 
COROLLARY XXXVI 
Tua r Orders ſhould be made for the publick Good, That 


only two Horſes ſhould draw in a Cart, and four in a Waggon, 
which four would do more Work than fix in a Cart. | 


ECD AR 0 L448 7; XXKEVI, 


TnaAr Wheels of Carriages never be made leſs than four Feet 
and a half, or five Feet in Diameter; that the Plates of Iron never 
beleſs than three Inches wide; the Fellies three Inches and a quar- 
ter deep, at leaſt for Coaches, and four Inches for Waggons or Carts; 
which, by that means, would be ſtronger as they are broader. 


Eg Not TK AR T Mint. 


Tn AT the Nails for the Plates be made without Heads, and 
That a great many be made long enough to go quite through to be 
rivetted, which will keep the Irons from riſing up: For two Nails 
ſcrewed behind, or with a Counter-Rivet will hold. the Irons on 

faſter than fix with Heads. One may as well make the Plates three 
Inches wide as two; and as they wear out more at the Edge, they 
may be made thinner in the Middle next the Fellies, in the Shape 
Pl. 17. F. 16. ſhewn in the Section, Fig. 16. at B C *, which may be eaſſly done 
in the forging by help of a Swage of that Shape. Theſe Plates 
being put on = will preſerve the Fellies more from cracking, laſt 
as long as others, and neither be heavier or coſt more. By this 
means the Roads would not be ſo ſoon ſpoiled, and all that uſe Car- 
riages would find their Advantage. they bo. 


COROLLARY XXXIX. 


THrer Naves of Coach- Wheels ſhould be made a little thicker in 
the Middle, and not be bored quite thro' where the Spokes are let in; 
for then their Ends would not receive the Greaſe, and thereby be ſoapt 
to get looſe : The Naves might alſo be made fifteen or ſixteen Inches 

| | long, 


3 


ow - . - 
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long, with the great End a little leſs, ſince the greater Length of Lect. IV. 
the Nave does not encreaſe the Friction, and it holds the Wheel - 
| ſtreighter. The Spokes ſhould alſo be made an oblong Square at 
Bottom, to have a Shoulder to keep them firmer than when the 
are round, as they are uſually made. The Spokes thus fixed would 
not be ſo apt to fly out, nor make that Rattling which they do, 
eſpecially in Summer- time. The Workmen may work out theſe 
Shoulders with a Bevil at the ſame Angle that the Spokes are let in, 
to make the Wheels diſhing out, after the manner the Joiners 


make their Skew Tenons, and the ſame Inſtrument would direct 
them in e the Mortaiſe, Sec. 


Mr. Camus ends his 88 upon this Subject with ob- — 
ſerving. that a Poſt Chatze with two Wheels bas all g's Inconve- 
NIencies obſerved i in Carts; and befides has the Inconveniency of the 
ſecond Horſe which draws on one Side; therefore, for the Eaſe of the 
Horſes, as well as the Travellers, he would have all thoſe Chaizes 
to have four Wheels, and the Driver not to ride, but fit on a Box 
like a Coachman ;' and the Fore-wheels as high as the hind ones. 


Bes1DEs the F riction already explained, there is SL I Im- 
pediment to Motion in ſeveral Engines, and that is the Difficulty 
with which Ropes are ſolded, which encreaſes according to the 
* Bigneſs and Stiffneſs of the Rope, the Weight which they bear, 

and the Smallneſs of the Diameters of the Bodies about which 
they wind, This Impediment we ſhall alſo call Friction, becauſe 
we muſt make Allowance for it as well as for the rubbing of 
the Parts of the Machine, otherwiſe we ſhall always find the 


Effect of Powers by means of Engines to be leſs than we 
"POO 


Mons1EUR u Perault, in his Comment upon Vitruvius, deſcribes 
an Engine of his contriving, whereby he yon! to aygid all Fric- 
tion. This Machine is an Avis in peritrochio applied a new Way: 
But as he is not aware of the Friction or Hindrance that ariſes from 
the Difficulty of bending the Ropes, the Effect will by no means 
anſwer as he propoſes : For, upon Tryal, his Machine appears to 
have more than double (ſometimes than triple, or quadruple) the 

Friction of the ſame Engine uſed in the common Way, when the 
Pivot or Iron Axis is in Diameter the 12th Part of the Roller or 
wooden Axle, He docs, indeed, tay, that the Machine was tried and 
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7 : LeR. IV. ſucceeded ; but having carefully examined it, I found it impoſiible 


„ 


E to anſwer according to the Deſcription ; and leſt at any time any 


body ſhould be at the fruitleſs Expence to make the Machine in 
large, I demonſtrated the Diſadvantage of it before the Royal So- 
ciety, and ſhewed that beſides the Friction (overlooked by its Au- 
thor) there was a great Inconvenience in the Application : And this 
I confirmed by Experiments made on a Model of an Inch to a Foot, 
the large Pulley or Wheel being ſuppoſed of five Feet. 


ce 
ce 


cc 


cc 
ec 
cc 


ce 


MoNns1tvuR Perault's Account of his Engine is as follows: 
In Imitation of the (modern) Crane, I have invented two Engines 
for raiſing Weight. The firſt is made of that Organ which is 
the moſt advantageous of any in Mechanicks for facilitating Mo- 
tion; becauſe it is free from that Inconyeniency which we meet 
with in all others ; namely, the Friction of the Parts of the Ma- 
chine, which renders their Motion more difficult. This Organ is 


the Roller, which Aritctle prefers to all other Organs, becauſe 


all the others, as Wheels, Capſtanes, and Pulleys, muſt neceſſa- 
rily rub in ſome of their Parts. But the Difficulty was to apply 
the Roller to an Engine that raiſes Weights, its Uſe having only 


been hitherto to cauſe them to roll on an horizontal Plane. The 


Engine which I propoſe has a Baſe A A B*, (Plate 17. Fig. 18.) 
ſomething like die Crane : This Baſe has, in its upper Part, the 
horizontal Piece B, which claſps an upright Shaft C O, ſupported 
under its Pivot O, on which the whole Engine moves in the ſame 
manner as the Crane, when the Weight is to be lowered. This 
Shaft ſupports on its Top a croſs Piece DD, to which are faſten d 
the Ropes EE, which wrap round the Barrel, Axle, or Roller F, 
which has another Rope G, that alſo wraps or winds round one 
of its Ends. This laſt Rope is that which raiſes the Weight. At 
the other End of the Axle there is a great wooden Wheel like a 
Pulley HH, about which is wound a long Rope N. To work 


this Engine, one muſt pull the long Rope N, which cauſing the 


great Wheel to turn, does alſo carry round the Axle or Barrel, 
which is made faſt to it. This Axle, as it turns round, cauſes the 
Rope EE to wind about it, and therefore the Axle and the Wheel 
riſe, whilſt the RopeF, to which the Weight is faſtened, does alſo 
wind itſelf upon the Axle the contrary Way; and this double 
winding up of the Ropes makes both the Burthen and the Axle 
and Wheel to riſe at the ſame time. Now it is evident, that all 
this Riſe is perform'd without the Friction of any Part, and conſe- 

« quently, 
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he whole Power which draws the Rope N, 


« terpoiſed by this Weight, the Power which acts by drawing the 
« long Rope N, acts for raiſing the Weight only. The Experiment 
« which was made with: this Engine, has confirmed the Truth of this 
Problem, by comparing its Effects with thoſe of a Crane, in which 
« the Proportion of the Bigneſs of the Axle to the Circumference of 
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« the Wheel, was the ſame as in my Machine: For it happened, + 


that, in the Crane, a Weight of One hanging at a Rope going 
about the Wheel, drew up a Weight of Seven, when it had one 
« half added to make it preponderate, or give Motion to the Power: 
And when the Weight to be raiſed, and the Weight which ſerved 
« as a Power, were proportionably encreaſed, there was alſo a Ne- 
© ceſſity to encreaſe the additional Weight, which made the Power: 
And when the Weight to be raiſed, and the Weight which ſerved. 
das a Power, were” proportionably encreaſed, there was alfo a Ne- 
e cefſity to encreaſe the additional Weight, which made the Power 


« preponderate in the ſame Proportion: So that as it was required to 


« add one half to the Power when the Weight was Seven, the Addi- 
« tion to the Power became One for a Fourteen Pound Weight, Tio 
« for a Twenty-eight Pound, Four for a Fifty-fix Pound, and ſo on; 
« becauſe: the Refiſtance from Friction encreaſes nearly in the ſame 
Proportion that the Weights are encreaſed. But this did not hap den 
in my Engine, in which one Quarter was always ſufficient for thie 
© Draught (or to make the Power preponderate) not only when' the 
Weight was Seven, but alſo when it was Fourteen Pounds, Twenty- 
*« eight. Pounds, Fifty-ſix Pounds, Fc. which evidently ſhews that 
« this Engine as: without Fridtien ?:? n ; ae 
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Tavs far Monſ. Perault: But however plauſible this Deſcrip- 
tion may appear, a little Attention will ſhew, that if this new En- 
gine 
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4 ine bad. no > Peictior _ yet i it.is more e, bee it 4. io. 

. pipe had. with the. Net Pro more i coor likewiſe, that it Has more 

. kar 18. F. 1. Friction than the ſame Machine 3 in the common Uſe. ACE* (Fig. 

a.) 1,) is a common Axis in Peritrochio, which: has the Wheel AE, 

five times bigger in Diameter than the Axle; ſo that A C, the Radius 

1 of the Wheel (which is the Diſtance of the Power) is to C B, the 

. Radius of the Axle (the Diſtance of the Weight) as 5 to 1: — 5a 

| | ſequently, One (for Example one Ounce, as in our Experiment) will 

keep Froe in Ægpuilibrio. Now though the Friction of the Gudgeon 

at C is unavoidable, yet it may be diminiſhed by diminiſhing the 

m Aan. 4. Diameter of the Gudgeon +; provided it remains ftrong enough to 

| ſuſtain the Machine and its Burthen. Here one Penny-weight, or 

| 2-:of: the'Power- added to it, makes it r rnd P 9 75 the 
Maine Motion with. a due Velocity. | 


Now . very Regine made Ut of. in „ Non. Perimlt' Way, 
4 alter the Diſtances of the Weight and Power, that, inſtead 
of the for our Power, we muſt have Tua and à half to keep the 
ſame Weight Hive in Aguilibrio, as may appear by a Sight 
Pl. 18. F. 2. Xi xe ſecond Figure **, where ſince in the 453 of the Machine, 
when we pull the Rope PA, we make the Axle DB to wind itſelf 
upon the Rope HD, it is evident that D ĩs now become the Center 
of Motion DB (the whole Thickneſs of the Axle) the | Diſtance of 
the Weight a; and the Diſtance of the Power is reduced to AD 
= 4. So that if two Men, having been employed in the common 
Way to raiſe Weights equal to the Strength of ten Men, an Engineer 
ſhould alter the manner of working, and fit up the Axis in Peritro- 
S abio in Monſ. Perault's Way, inſtead of gaining an Advantage, he 
t Ann. 5. muſt call in three more Men to perform this Work F-. If it be 
| | anſwered, that what is loſt in Strength will be gained in Time, it may 
not only be ſaid, that one cannot always call in.more Help on a ſud- 
den, but that even then, though we ſhould not call this an Inconve- 
niency, yet there will be ſtill more Friction in this than in the com- 
mon Method; for the Roller or Axle will find a Difficulty to wind 
on the Ropes, becauſe they are not perfectly pliable, andthe leſs fo, 
the greater the Weight is that — them. This, together with 
the Friction of the Collar of the Rope of the Counterpoiſe to the 
Engine, makes the Hindrance greater than in the common Way: For 
it appear by my Experiments, that when the Power is become equal 
to 2* to keep the Weight 5 in /Egquilibrie, there muſt be mo; : 
(here _ 046 a to _ the Power! in Motion. 8 45 


? 


A d, des et, this Pridtoh ef the Rape e CON the 
ame; as Monſ. Peratile ſuppoſes it; When * P (or the Power) is made 
only one Ounce, and W {or the Weight) 2 Ounces, then to make 

the Power preponderate, only 2 Penny-weight and 18 ins on 
ſufficient But when Pis ==2 4, and W 5, the Er 

marked: 5 4 Penny-weight 5 and 2 Grains: +, Sy 8 t, 6 

eto ate : wo THONG! N Lc of 

IT: is plain from chis; that Monſ. Peroult's Exp timents were 
very inaccurately ,made, and therefore not to be d v W 


7243 
Lect. IV. 


*Pl. 18. F. 2 


T have been the more parti cular we N we are api to be Id 25 | 


an Error. by the Over ſights of a Man of. rea Hau. del ym we don't 


eaſily Juſpeet of 4 Milte. e 


Tuo' it be as difficult, at leaſt, to give a certain Aceount of the 


Forces required to bend Ropes of. different Diameters (ſtretched by : 


different 'Weights, in making them go round Bodies of ren Big- 
neſſes) as to give an exact Theory of Friction; yet to conſider nothing 
of the Loſs of Motion occafioned thereby, would be as arejudicial to 
the Practice of Mechinicks, as it would ha fs Friction of 


to RY 
the Parts in Engines. Therefore, tho the different Materials of which 


Ropes are made, their different Stiffneſs,” gy as they are 397 


or leſs twiſted; and ſometimes the Temperature of the Weather ( 


to Moiſture and Dryneſz) at the Time that they are uſed,” makes 1 

very difficult to be exact in our Conclufions; yet we chink it 18 bf | 
great Uſe to give the beſt Theory we can, and mention fotne of 
the Experiments, at a Medium, made upon Ropes pretty good in 


their Kind, and moderately twiſted ; becauſe if any Part of a Rope 

of any Length of equal Thickneſs, and even Twiſt from End to End, 

| be ſtretched by a known Weight round a Cylinder, Roller, or Pulley, 
and it be obſerved what Force will bend it about a Roller of a given 

Diameter, we may know what other Force will be required to bend 
it round any other Body, and when ſtretched. with à different 

Weight; and, beſides, in new well made Ropes, the Difficulty of 


bending, ceteris paribus, is pretty near as the Diameters (not the $9 
n of the Ne 


EXPERIMENTS Plate 18. Fig. 3. 


To two immoveable Hooks RR, I fixed the two Ropes R = Rr, 
at the Diſtance of about 8 Inches from each other; and at the lower 
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Fla is, F. 3. like CC, each one Foot long (one of 


Let Iv. End og mae? in ha Scale 885 n which I Wh Sek 
* to ſtretch the Ropes. Then I took ſucceſſively. three Cylinders 
galf an inch, "another: of an 
Inch, and the third of an Inch and an half Diameter) and having 
. wrapped the two Ropes about one of the Cylinders, as may be ſeen 
in the Figure, by putting Weights in the little Scale s by means-of 
the Ribbon I brought down the Cylinder towards W, always taking 
care that the Parts of the Ropes did not rub againſt each other, and 
rolling the Cylinder up and down two or three times before 1 ſettled 
the e Weight that 1 obſerved to bring down. 


N 1 2 ” > * SD. 4 * 5 
es 45 8 W 33 \ 


N. B. The Weight , includes the Weight 4 the Quin and 
| Scale. 


4,PL 16; F. 4. 75 the — * Figure + c 3 8 Section of] the Cvlinger IF 
Roller, about which the Rope Rx is „ OY L. its Denen, 1 

0 m5 the little Scale and Ribhon as bee 80 512-03 25 e, 

Tur Weight W may be de looked upon as ſes Weight 7 

ſtretching the Rope; becauſe. (though it ſtretches the two Ropes Wl 

and HE quently. each Rope is ſtretched but by half of it). the Cy- 

PI. 18. F. 3. linder Io * brought down by the Weight 8 bends or cauſes a folding 
in the two Ropes at C and C, which gives it the ſame Difficulty of 

Deſcent, as if Bp © one Hops 8 We Mhols. Weight was, folded 

about it. 
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A 15 A B LE of K 8 NIMEN T 8, ſhowing! what Forces 

were required to bend Ropes of different Dian neters, 
ſtretched by different Wee l Rollers 15 Aae 
Bills. s door 101167 
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The 2s ow hs PE The 8 fu the The Reſiſtance of the { The RefAlance a. Diameters of the! 

Weight W, by Rope about a Cylin- Rope abrut a Cylin- | bout a Roller of one] Ropes of 3 tr in ts 
evbich the Rope i is. [den of hal IF an Inch I der or Raller of one Inch and half. Dia- . T Fwvijts, ep 
hrerehed, expreſſed) Diameter, expreſi'd Inch” Diameter in | meter in 3 Aver-|iz " tenth Parts of 


| lh AIR n | Averdupods. 1 7 2 Inch. i 
| 198 2 r 52 Den een 
Ie Nee 75 11 an 1295 41 
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. 1 5 8 15 — 24. A 7 * 10 8 a 2 ; R 9,1 1 


e 47 e e 3 
be 22,5 e EO ea; 

Fo Sees * — = 26 O, 958 
* Expert ment could not be made here, W the Cyli 8 0 of 
1 Inch Diameter, which ſhould have been ufed here, We ighed above 1 
Ounces; and the Weight required to Leo the e n 
N to be but Ae Ounces. 1 AE 


os RVATIONS on x the 2 Table. 


Tus Experiments mentioned here are taken'at a Medruur from 
a great many that I made, the Difficulty of bending the pen being 
ſometimes a little leſs, and ſometimes a Ane Wan . 


One. may, Com this Table, 3 a more extenſive: one, , hp. pur. 
ting in Numbers analogically for ſeveral other Thickneſſes of Ropes, 
and larger Diameters of Cylinders or Rollers; but in Ropes of a 
Diameter bigger than half an Inch, a Roller of half an Inch is, too 
little, and hardly-ever uſed in Practice; nay, in ſuch Cafes, the bend- 
ing of the Ropes is more difficult than in-Proportion to the other Expe- 


riments; and in my Tryals, the Rope of o, 5 of an ieh Diameter 
generally required more F_ here ſet down, 


5. | 7 I Foun D 


Le. w. 


— more Force: to bend it than a twiſted Rope of the ame Thickneſs, 


Ny CORN a woven \ Clock-line of 0¹¹ el e required 


which ſeemed much ſtiffer; but if we conſider that the woyen String 


| ö flattens as it folds round a Cylinder; that has the ſame Effect as if the 
Cylinder was become leſs, one Fold of ſuch a Line making by its 


8 el Parts a leſs Rhede cred a twiſted Res yen ous 4 not become 
. flat. | 
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Mong. © ah ak ſeveral Ext eriment oi this 1 MEN 


: 10 the Memoirs of the Roya! Academy. of Sciences at Pari, for the 


| Year 1699, and calculated a Table of the Force required to bend 


Ropes, which Table I cannot recommend, * becauſe it is built upon a 
. Miſtake: For he fays, that the Difficulty. of bending a Rope of the 


fame Thickneſs, and loaded with the ſame Weight, decreaſes when 


the Diameter of the Roller encreaſes, but not fo much as that Dia- 
meter enereaſes; but I have found by many repeated Experiments, 


that the Difficulty decreaſes directly as the Diameter of the Roller en- 


creaſes; that is, The Difficulty of bending a Rope round a Roller, is, 


ceteris paribus, inverſ/ly as the Diameter of the Roller. N. B. I be- 


lieve Monſ. Amontons's "Miſtake aroſe from the Parts of the * rub- 


bing agent each other, which I always poop care to avoid. 


Wuzn a Rope is carried under or over a Wheel or Sheeve of a 


Pulley, the Difficulty of bending is as great as if it went quite round 


a Roller, which will appear by obſerving the Ath Fig, of Plate 
18: For while the Rope is folding about the Cylinder C in the 
Direction 7 K L, the under Part Lo K unfolds of itſelf without wy 


Difficulty. 


1 Have in this Lets {Page 195, 196, 197) given n Rules for 
the Friction in a compound Engine, and ſhewed the Application of 
thoſe Rules by an Example; but did not then take in the Difficulty 
of the folding of Ropes. But now I will give another Example wherein 
that alſo is conſidered, and ſhew how near the Theory agreed with 
the Experiment performed with a Machine made as OE. as PR 


ble, to make the Compariſon the juſter. 


The Machine conſiſts of three Pulleys FUR upper gal one 


lower, or a Tackle of three) whoſe Diameters are exactly as follows, 


r. two Inches, one nn "mall a wi Agra one: e 9 a cen 


7 : 
— 15 ; 2 Fi © 


we all thy Cenrer-Pins of d one [quarter 0 as diam ada Lea, ww 

and the Rope of one tenth of an Inch Diameter. The Weight is 18 TS. 
pound Averdupois, and conſequently the Power do keep it #7 - 
Aquilibrio muſt be 6 Pounds, and a very little more muſt make 


the Power raiſe the Weight, if there was no Friction; but here 
no leſs. than 20 Dunes are 2 — 1 the Machine be very 
exact. 


A 'x % . i 7 * x: . * * I HE; , — ow" 2 


I nave e (i "Rakes 2. 1 ee orc two thirds of the Pl. 18.F. 5. 


Power are equal to the Friction of a Cylinder, whoſe Surface moves 
as faſt as the Power, and whoſe Gudgeons are equal in Diameter 
to the. Cylinder. Now as the Diameter of the firſt Pulley 1 1s eight 
times bigger than its Pin, its Friction muſt be 4 Pound divided by 8, 

or 8 Ounces; becauſe as the Surface of its Circumference moves Wien 


the ſame Velocity as the 3 its ee . on er 50 maſt 


move ee times lower." = 


N ſecond Pulley 2; 8 "Surface: moves as "i agdls © as the 
Power, and whoſe Pin is ſix times: leſs in Diameter than itfeif, muſt 
of Conſequence have its Friction only of 5 Ounces;” becauſe two 
thirds of the Power, or 64 Ounces, muſt firſt'be divided by 2, by 
reaſon of the Velocity of the Pulley's Surface being but half that of the 
Power; and then again by 6, becauſe the Pin being fix times leſs, 


the Parts rubbing on the Pin muſt Nil} move fix times flower: 80 that 


2 85 325 and 5 =="55 Ounces. 


Taz third Pulley 3, moving Te a third of the e Velocity © of the | 


Power, 64 Ounces' muft be divided by 3, and that Quotient again 


by 5, becauſe the Pin is here ; of the Diameter of the Pulley: So. 


that the rubbing Parts. of this Pulley have their Velocity one 5th. 
of a 3d, or Fr, of the Velocity of the Power; and therefore f 
will give 4,26, Cc. Ounces. Now the Sum of all theſe Frictions 
(viz. 8 Qunces + 5, 3333 Sc. Ounces, + 4,26 Sc. Ounces) makes 
17,6 Ounces,: which is the 5th and +: Part of the Power. This Ad- 
dition to the Power will ſo. encreaſe the Friction, as to require a 


Super-addition of the 5th and — Part of that firſt Addition, and ſo on 
in this Series, 17,62 Ounces + 3, 2 Ounces (which is 2 1 + o, 59 


Ounces (WIR Is 34) Sc, in all 21,5 5 Ounces. 


To tür matt be added the Friction or Refitance « on account of 


the Difficulty of bending the Ropes, Which by * laſt Table may 
be found in the following Manner. SUPPOSE 


— a een. 
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2 'C 
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40 > * * * 


; Let IV. Sorrosr — Part op he 1 5 Which! bat 1 the Sids of the af 
—— of upper Pulley to be fixed, chen will the three Ropes D E, 3 By: and 
80 18. F. 5 2 A ſuſtain together the whale, Weight W#, Which (rogether with 
| the Block) weighs 18 Pounds; ſo that we may conſider each Rope 
as ſtretched by ſix Pounds, and folding round Gificront ers e 0 

he: reine dire Diarymeers of the Falten. Flt 8898 5 


* 


F. on the rſt Pulley, welook in the Table for a 8 of one -oo9y 

| of an Inch, and find that when ſttetched with the Weight of 20 

Pounds it requires 7. 5 Ounces to bend it tound a Roller of an aneb7 

. ee we muſt ft make Uſe enen, Sgt, ct a fink . 
A 20 th as a Rope of ons tenth.of an Inch i in "OR 15 

1 to 74 Ounces, the Force required to fold it on a Welfen of 6 one 

i Ach Danger: i: 

So is 6 Pounds, when ſo a only Au len che Rape! R 

To 2,25 Ounces (that is, two Ounces and a quarter) the Force 

able to fold the fame Rope, only MC wh 6. Ws Fo. a 

e of one Inch Diameter. e ; | 

Bur as the firſt Pulley i is nota one, but two Inches Diameter, 

ue mult diminiſh; the Force neceſſary to fold the Rope in a recipro- 

cal Proportion of thoſe Diameters, 05 the next e n will 

alſo ſerve for the two other Pulleys. . 14 ac WER + 2 


Asthe Diameter of the Pulley, where we want to \ know the fold: 
„ 
To the Diameter of the Pulley where the Fo orce i is s known : 
So is the folding Force hetoregound 2 GG fs 32 I 


To the folding Force required., #71 10.0964 noiddus. od: wh 


That! is 8 2: 1 2 7 2 1,125 Ounces for the 10 Pulley; 
And, as 1,52 1:5 2,25: 1,5 Ounces for the ſecond Pulley; _ A 
And laſtly, as 1,25: 1%: 2 25: 1,58 Ounces for the 3d Pulley, . 


By fuch Analogies We may encreaſe ' the little Table above” to 40 
other” Ms an | 5 as to TIS Y TENOR the Force. required 
10 

* It is true, that in Modon, . one Rope b will amount to the very ſame. So 
bears more of the Og, and another leſs that this is the beſt, becuaſe the eaſieſt ways 
h | G 


of it; but, upon the ole, the different OUT it. 
Biffculties of folding the Ropes taken to: 
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5 4 
10 1 911 7 ry 
3 J 3 


; : R "TA k 4 ; : . | : pf 
in mal Gafes;; er may be deduced from this Lect. IV. 
to. fe $: 20 C a7 * + , Caſes;; ©. JI” Cafe 8 * T 7 a * OT. 1 14 l 
4 * o vx > * * - 1 2 5 5 , | : : A X 4 17 © 12 4 % | ay 8 
Table tſelf. Saen e: sn. Tan nnr 
„ 1 * * * * > > ＋ 


i ieee 
MW; 4 7 5 1 5 
COLLBISL 130 


"4 * - 4 i a "3 F 7 ; 
Pe HO ow * * 8 A | * 4 MW 7.70 * 7 5 8 £ 
Ei 8 n 22 
with the Th of the Friction of « 1 
+ - 
on with the Theory of the Friction of our Machine: 


a | 
5 _ Theſs three Jaſt Frictiops, or Reſiſtances of | Ropes. added together, 
make 4, 425 Ounces, which added to 21,41 Ounces the Friction 
above found, gives in all, 25,83 5 Ounces, 4 Fiction greater by near 
ſix Ounces than the Experiment gave, But I have demonſtrated in 
the Annotation to my third Lecture (Page 169.) that, ben 4 
String or Rape runs over a ſingle Pulley or Rollen by the Deſcent 
| of the preponderating Weight : (the . other. Weight riſing at tbe. ſame 
time) tbe Praſſure an the Axis of . the Pulley is always epual to 
the Quadruple of the Praduet of ibe Weights. multiplied into _ ont 
another, and divided by | the Sum of. the ſame Weights, And 
that Preſſure; being always leſs. than the Sum of the two Weights, 
when they are unequal, ſo much as it is leſs muſt, be taken 
out of the Account of all the Frictions, and the Experiment then 
will be extremely near the Theory. But to omit nothing in our 
Calculation, we will alſo. examine what this Diminution of Preſ- 
ſure is. In age ltr -4 „ en font dim ovine biuxg ano bog: 


£ a ? 8 4 { 
SS SF 4 £ * > 3 * « : 


1 : £343 65.486 


Trz Power (6 Pounds) together with what we have found ne- Pl. 18. F. 5- 
ceſſary to be added to it on account of all the Frictions and Re- 
ſiſtances of the Ropes, is to be loo d upon as the preponderating 
Weight in the Caſe of the Propoſition abovementioned, that is, 6 
Pounds and near 26 Ounces, or 122 Ounces: and 6 Pounds without 
any Addition is. to be conſidered as the Weight overpoiz'd on the 
other Side of the firſt Pulley 1, which is an upper Pulley. Let the 
two Weights be multiplied together, that is, 6 Pounds or 96 
Ounces. * 122 Ounces, the Product of which is 11712 Ounces; 
which again multiplied by 4, or 11712 * 4, gives the Product 
46848; then dividing the laſt Product by 218, (the Sum of the 
Ounces in both Weights). or t, the Quctient will be 214, 9, 
which ſubtracted from 218 the Sum of the Weights, will give 3,1 
Ounces the diminiſhed. Preſſure, or that Part of the Preſſure Which 
the Pin of the Pulley 1 is freed from when the Power preponderat- 
ing runs wien, , ˙] v 48 eLeV1 


+ 


* * 
S * 


N ow as there is another upper Pulley over which the Rope al- 
ſo runs, there muſt be'likewiſe taken of on that account 3,1 Ounces ; 
So that if theſe two laſt Sums, or 6,2 Ounces be taken from 25, 83 5% 
Vol & | K k „ Ounces, 


— 
22. ² h . —[E/ — et n 
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CE en os 


1 Ommen wurd bye Tia 


e M gags, «ers will rea 
main 10,035 Ounces, the Addition neceſſary to make the Power 
over- balance the Weight with the leaſt Augmentation offible ; 
and cat fin cher Deperimenis'o,$65;' ör a little môte than' one third 
of d Ounbe J for ah Dancer 4d "to! the Power 6. Poutnds; makes 
un doi nn this 07 bbb title “AQ dorch en 
10211 N. BI W here" e as ah "Tre / PPB” oh 


i eee of 4d Wight ad 46" Bid th e e 
: 


* 1 F * I 5 


„ WT pil being the Experiment nearer tbe Q behry inf 9 

WW 1 LAY * N 8 n A ANN Hs n * WW "IJ * Ae 

be Practicx we ade ene egal thi fed Abe neg ot confidet 
mis Diningtion of Preſſice, eſperially in Tackles ef many Shgeves 
becagſe: there dee ſothe Eliüdrariés fibre than the com- 
oh Friftipn wy Ekample, When Shebves" rüb againſt the Sides 
or Checksdof the Blocks; Ur when their Hole wears bigger, which 
inoteaſes the F riction as much as! if the Pif was become ſo much 
bigger: A ot bas 21 N ν T 9dr lia 0 nnd 23} i 760 
1 ni nico zich% o 32 Toer T oily wor vient tl. Ilie 
Br in Gag tb try how far eie Theory of Friction ard behd- 
ing Ropes would agree with ſuch Tackles of Pulleys as are cm- 
monly uſed in Building, and conſequently be uſeful to direct our 


42.0 12 "Oe. i OW two' following Experiments. © 5) wot zu T 


* 00 Pint 9d fs To nos no 11 67 babbs 1. 01 Cuts. 

vt 171 Tit 100; 224 542 nBix NE R INN Pr ese Ich 16 2927] 163} 1 

6 a} alt anoiitett. 9vods noimogor4 ac; to zl am mnt gs 
ITook a Tackle of five Braſs Sheoves iti Iron Frames or Bloc 8 z 

that i is, three Sheeves in the upper Block, and two in the toner 

Having made ati Aquilibrium by banging ode hundred and a 

at the lower Block, and a. quarter ef an hundred at the W 


Rope, I added 17 Pounds and a ec r Power cod x 
down and taiſe the e d 10 . . 2 batlqul. 5071 , nigys Howdy; 


#; : bs * 7 
11 13 4 » 21 £3 » W 49111 « 0 7 WA > 
* ; 4 Bieri * 244 8 NR 9 = 


. 4 
EINEN 1. 12 v4 chod ni p 


f 22 % 4 % 
* 13 * Fe*y * 1 9 
of 1 > 1 10 4:4 wt 3.3% 13.434 nice 


eren red * an half being bllbece 6 Half an hundred, 
dhe Addition of 28 Pounds made the Power rai thè Weight:! 


N. B. The Sheeves were 5 Inches Diameter, the" Fim wy an 
Inch, and the Proſe three * of an Inch. 


2 


vt 3. © 


In the - firſt "8 DIP, 17 5 and an ita nasses by 4's I 
the Sum of the Frictions and «6 deduced: ene: the _—_ 
on 0 4 ut 


But aunhd 6 exctek thel Som of babe Fu Leck. 
tions Sdhenot quſte a ID. TheriRraſdi of this-appeared toi be, W e 
tho Rope at firſt wWas too big for thei Cheeks that held the Shekurs; 
but in the ſecond Experiment; vαιαρe re, the Rope Was more ſtretch d, 
its Diameter beoùne fomething dimitiſnedꝭ catjdiſof brought off the 
Ropefremivabbing1othard-againiBetic EheekgniH bog noi ods 

59580218 2d of 

FROM knowing the Quantit 3 Friction in ſuch large Tackles, 

we may khow what to ect li Practice For if lone Man, Who 
for a ſmall time can extent the Force of 100 lb, thinks that he may 
draw up Ha Stonè ον Roll of- dheet Lead, br wang other ſuch 
Wel hotko the Top of un Hduſe withoa>Taphld Fin (becaiiſe 
this bald ſsem ifeaſihle from mechanical: Principles i vill find him - 
ſelf miſtaken on account f the Friction; which will not be ſur- 
mounted withotit an additional Force of Folb. Tat Di 25 h 
n SHIT” Shit 355 19 8M oh i ad) 

I Ticbopaiithis Hcoontit uhr I var given d Friction and Hindranc 

ts Motibn'3h 1Mochatiical- Engines: ner (bowever imperfrct lib fit ma ble 

con als able ni no nec? fark: Penſour 48) concern tbemſelvet i abi 

Enginer an *Manufaetutes.': And 10 dfforu ail nber Help F can: upon 

this Suthect, oui give bim ſonie Comfiderations of the camparative 

Strength» g, Mn ad Horſes) oat. weil , the bg. Way of: applying 

thets * ee *berngothe'> Refult of mn Years Ghee nof my 
gun; ut cue, as nvbbt; I have: found ar autborn e obe- Jabs! treated 
of theſe Wige 15545 gvert vac Siet, mort 10 Tg ulla 


0 1211 17 = "> +4 $1 £ 250 lt. 241 501 : 10 8 n 1 79615 233 W4 
Ax Horſe draws te the greateſt ene as we have al- 
2 ſhewn from Mr. Cantos, when the Line cof Direction ( be- 
parallel to the Plane on which the Weight moves), is level with 
hy Hotfe's' Breaſt; and is able? in fuch a Situation to draw 200 th 
eight Hours Day and wallcinng about two Mile and an. half an 
Hour, which is ahout three Feet and an half in a Second. And if 
the fame: Horſe is made to draw 240 lh, he can work bat ſix Haürs 
a Day; and cannot go quite 85 faſt; and in both Caſés, if he carries 
ſome. Weight, hertwill draw. better than if ba car tied / none; We 

don't mean es whit àn Horſe ban dm upon Carriage; be 
cauſe in that caſe Ftictioſl . is only to be overcemie, ſoy that a -mid- 
dling Horſe well applied to a Cart, will often dra above 1990 Þ;; 
but ſo much as an Hotſe eculd draw { vp; out of. a Well over la fins 
gle Pulley or Roller (made to have as little Friction as poflible) is 
* what an Horſe can draw; and Horſes, one with another, 
| K k 2. | | draw, 


ap 


; "Lec Iv. G eo 200 26 in fac s Cale, WRT bs To this ma 


Abe referrd the workir ' of Horſes in all ſorts! of Mills and Water- 
works, Where we d know as near as we can, how much 
ve make every Horſe Rünthe, that we may judge of what the Ef. 
ſect wil be When bproper Allowance ſhall: Have been made for all 
the Frictions and * before e or Mill 
to be erected. - ; 
20e Tout. dot hi not S Ine och San wo $5 

Warn an Horſe: draus in al Mill! = Ra or Gin 4 any 
kind (in Which the. Horſe is made uſe of to draw round a Cap- 
ſtern or Axis in Peritrochio) great Cars! ſhould be taken that the 
Horſe-walk be large enough in Diameter, otherwiſe the Horſe 
cannot exert all His Forte as he goes round; fot in à ſmall Circle 
or Horſe- Walk; the Sv, mr (in which the Horſe ſhould draw) 
deviates more from the Circle in which the Horſe is obliged to go, 
than it does in a great Circle. The Horſe-Walk ſhould not be 

Jeſs thay! 40 Feet in Diameter; wlien ever there is room for it; 

] | and the ſame: Horſe loſes of his Force conſiderably in a ſmall Walk, 

1 becauſe he p pulls i in a Chord: of ihe Oircle, drawing the horizontal 

Beam bekind Him at acute Angles, fo much, that m a Walk of 19 

ä Diameter, J have known an Horſe loſe 2 fifths of the Force that 

he exerted in a 40 Feet Walk. Moſt of the Mill- Wrights i in Lau- 

don (and I beliede in moſt great Cities) do not love to make large 

Horfe- Walks, even when they have room; becauſe, as there is ge- 

nerally want of room where they have been obliged to ſet up 
Works, they have accuſtomed themſelves to make their Geers for 
ſmall Horſe. Walks, and think it enough to give the ſume propor- 
tional Velocity co to the Power and Weight, às is done in à larger 
Horſe Walk, (becauſe if the Cog· wheel be ſo much leſs in the Dia- 
meter as the Horſe draws nearer to the Center, the! Difficulty of 

| drawing. were it not for the twiſting of the Horſe, would always 

1 be the ſame;) not conſidering the Strain put upon the Horſe: or 

| when by Practice they have found how much a Horſe may eaſily 

i draw, with all the Diſadvantages which the ſudden - turning: gives 

5 him, they won't take the Advantage which more room might 

| give in removing that Difficulty, becauſe they don't care to go out 

of the Way which they have been accuſtom' d to. But ſuch Mill- 

Wrights, as have work'd at Coal-pits :and Mines, know better, as 

eh 7 0 hour ae to For {gon man in Coal-fields, Sc. 
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*Þ Ave often found that five Maas equal in Strength to one Lect. IV. 
Horſe e, and can with the ſame Eaſe puſh round the horizontal 2 


Beam in a 40 Feet Walk; but three of the ſame Men will puth 
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Aan 


round a Beam in a 19 Feet Walk, which an Horſe: ee equal 


to five en] can but mw round.. e | 
Tus worſt Way of a plying hs Vives of a | Horſe | is to wha 

him carry or draw up Nil; for if the Hill be ſteep, three Men 

will do more than a Horſe, each Man will climb up faſter carrying 

100tb Weight, than a Horſe that is loaded with 300 5. This is 
owing to the Poſition of the Parts of a Man's gy er are Border 
em to climb chan thoſe of a Horſe. 5 | 


1 follows Go this Obſervation. that thoſe. 1 84 * thought 
to gain great, Advantage from the Weight of a Horſe by applying 


it to an Engine to work the Forcers of Pumps, have not in the 


Execution found what they expected adi” a Calculation of the 
Weight of that Animal, becauſe at every Step the Horſe is really 


climbing up Hill, when his Ns is made 1 "of; Nm Rey he 


yok the lower. e & it UE | | 
| | Ab 4 Horſe from: the Structure of his Baby can exert 00 Force 

in drawing horizontally in a ſtrait Line, a Man can exert leaſt Force 
that Way; as for Example, if à Man weighing 140 & walking by 
a River or Canal Side, draws along a Boat or Barge by means of a 
Rope coming over his Shoulders, or any how faſtened to his Body, 
he cannot drawabove 27 i, or about the ſeventh Part only of what 


a Horſe: can draw in that Caſe: for the whole Force that a Man 


exerts in that Action intirely depends upon his Weight, and not his 
whole Weight neither, only about , Parts of his Weight, acting 
obliquely too, puſhiing . forwards as he ſtoops, produce the 
whole Force whereby the Man draws the Barge along, as has been 


demonſtrated by Mr. de la Hire, in a Memoire which he preſented 


to the Royal Acudemy of Sciences at Paris, in the 1 75 1099) ; of ws 
1 have Pen A Trenfladon 1 in oy Notes 1 55 
4 Lit ne £43 | 4 
His other Renten bod the ata of We Force of a Man 
is juſt ; but his Data not being true, ſome of his Concluſions, tho 


+ Ann. 8. 


truly drawn from his Data, are not true in Fact; rope T e 


in n the ſame- Note given Remarks upon what he has laid. x 
Ix 
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In drawing a Barge: in the manner; abdve- mentioned, a heavy 


Man: {provided he be not unwieldy) will do more than angthen, 


unleſs he cartied Weight propottionably, and the higher the Weight 
W r ee i cont & ane 
„ 4 -bavoi we d nd lee er W 
Wurd a Man turns an horizontal Roller or Windlafs by a Han- 
die or Winch, he ſhall not have above 305 Weight ading againſt 


him; if he is to work ten Hours a Day, and raiſe the Weight about 


Feet anf an half in a Second, which is the; common Velocity 
hat al Hotſe draws with: I ſay 30 b, ſuppoſing the Semidiame: 


ter of the Windlaſs equal to the Diſtance from the Center to the 


Elbow of the Handle; for if there be a mechanieal Advantage, 
as there uſually is, by having the Diameter of the Axle, on which 


ihe Rope winds; four or five times. Jeſs than the Diameter of the 


Circle-deſerib'd by the Hand, then may the Weight (taking in alſo 


the Reſiſtance on account of the Friction and Stiffneſs of the Rope) 


E © £3, 3 
| 211 2101310 411. 


be four or ſibe times greater than 30 ib, that is, ſo much as it riſes 
flower than the Hand moves. 28 4}; 699d * f 


Arni ech ie Lars 
s 1 u. 2 "+ 4 Ane 4411 214 411 PIE S 
Ix this Operation the Effect of a Man's Force varies in ed 

Part of the Circle deſcrib'd by the Handle. The greateſt Force 1s 


When a Man pulls the Handle + upwards from about the Height of 


his Knees and the leaſt Foree When (the Handle being, at- top) ta 


Man ihruſts from him hotizontally; then again, the Effect become 
greater as a Man lays on his Weight to puſh down the Handle. 
but that Action cannot be ſo. great as When a Man pulls up, be: 
cauſe he can lay on no more than the whole Weight of his Body, 
whereas in pulling he can exert his whole Srength. Laſtly, a Man has 
but ſmall Force to pull the Handle horizontally. towards: him when 


it is at loweſt. Let us, as Monſ. de la Hire does, ſuppoſe a Man of 


CY 


— 


moderate Strength to weigh 140 5, may in the four prin, 


cipal Parts of puſhing. and pulling, in le whole Circumference of 
Motion exert the following Forces, vig. in the ſtrongeſt Point a 
Force equal to 160; in the weakeſt, a Force equal 10,27 bn an 


the next ſtrong Point, 130 5; and in the laſt or ſecond weak. Foint, 


30 5. Let us add all theſe Forces together, which will make 347, 
and divide them by 4, and we ſhall have 86 523; and this gives us 
the Weight that a Man might lift by a Winch, if he could exert 


his whole Force continually without ſtopping to take Breath; bot 
as that cannot be, the Weight muſt return and over-po.].E˖r a" 


wal. Philoſophy. 


firſt weak Point, 
muſt ia Nan would Exert his whole Strength all round. Be 
5 ſides; for failing ſuch a Weight we mult. ſuppoſe the Man to act 
always” along the Tangent of the Circle of the Motion, Which 
does not happen in the Operation. Then there muſt be a uffi- 
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eſpecially when the Handle ge flow! Yr; ag it Lect. IV. 


cient Velocity given, that the Force applied at the ſtrong Points Ann. 9. 


may not be ſp ent before the Hand comes to the weak ones, ſo that 
it is difficult” Sf A Man to continue chat irregular Motion; and there- 
fore when there are no other Advantages, the Reſiſtäfler dught to 
be but 30 i: and even that could not be ſupported at the weak- 


eſt Pointz" were it not fort the Force e from the” ſong 


22 f: 


point. nr n HATES 
2 7 


\ + EMI. k a . * I 
3 * _ 4 £3 8 * 8 drr ” 15 f 4 4 # % F * . 0 Fa: g * 17 «# EY % 2 41127 4 Bo 
* a i : # 4 '# I% * ! 2 3 ' * * . 3 EY 3 «4 er 4 * 


Ir two Men art; at the End! of 1 Roller or - Windlafs row 
up Coals or Ore from a Mine, or Water out of a Well, they may 


more caſily draw up 70 * (ſtill ſuppoſing the Weight and Power 


to have equal Velocities) than one Man can 30, provided the 
Elbow of one of the Handles ber at right Abgles to the other; for 
then one Man will act at the ſtrong Point, when the other acts at 
the weak Point of his Revolution; by which Means” the two Men 


will mutually and ſucceſſively help one another. The common Way 
is to put on the Handles oppoſite to one another, which cannot give 


the Advantage above-mentioned ; tho' there is ſome little Force 
gain'd even in that Poſition,” | becauſe ont Man” pullin while the other 


thruſts] works at the ſtrongeſt, of the two. weak,, bints, ul the 
other works at the N and fo 32 him a litele. „e l. Ki 


ty fat. 


the Man would x is Song in the Fly And r diftributed ! in 


all the Parts; of the Revolution; fo that for a little while a Man 
may act with the Force of 80 #, that is, overcome a continual 
Refiſtance of 80 5; a AVE work a whole. Day WRAY | He Reſiſtance i 1s 


but 40 5 ++ 
' # The Fly EY blies We un * and is of great uſe in thoſe Parts of 


of Engines, whc her moved by Meu, Horles, an Engine which have a cue circular Mo- 
Vind or Water, or any animate or inanimate tion, and where the Power « oc the Kelltane, 
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8 Weight; thoſe of 


4 Ann, 10. 


leaſt at the rate of four Miles per Hour. 
Horſe, that goes but about 2 Miles per Hour, carries only 224 5; 


Loins keep e and Head in the proper Poſition to ſuſtain, the 


he does not go very far before he lays down his Burthen; tho 


on the other hand he will often go up Stairs with, that Weight, 


Chairmen do not act with all the very ſame Muſcles as Porters, 


but as they have Straps brought down from their Shoulders to 


the Poles of the Chair, the Muſcles of the Loins and Back are 


concern'd, and likewiſe the Extenſors of the Legs and Thighs: TVo 


of them will walk very faſt with 300 (that is 150 i each) at 
Whereas a Carrier's 


act unequally in the different Parts of a Revo- it, but loſes even ſome of | the firſt Motion. 
lution. This has made ſome People fancy, But the Reaſon how it becomes. convenient 


round does help to * about. 


that the Fly adds a new Power; ſuppoſing 
that a Fly join'd to an Engine that is to move 
But tho' 
it may be ſaid in ſome Way to facilitate the 
Motion, 'by reaſon that it makes it more uni- 
form and equal, yet upon the whole it cauſes 


2 Lofs of Power, and not Increaſe. For firſt, 
It requires a continual Supply of Power to put 


the Fly in Motion to a certain Degree of Ve- 
locity, and to keep and maintain it in that Ve- 
locity ; for the Fly has no Motion of its own, 
but what it receives from the impreſs'd Force. 


| Secondly, The rubbing and wearing of the 


Pivots or Gudgeons of the Axis do ſtill hinder 


and loſe the impreſs'd Motion. And thirdly, 
The Air thro' which the Weights at the Ends 
of the Fly do moye, do alſo Rinder the Mo- 
tion thro it, (tho leſs when the Fly is circu- 
lar ;) and both theſe Impediments together, if 
the Fly be not ſtill ſupplied with new Power, 
will make it ſtand till and be at Reſt. 3 

So that the Fly can of itſelf add no new 
Power to the Motion of the Engine to which 
it is applied, more than what is received from 
the firſt Mover that impreſs'd the Motion on 


mulated in itſelf a 


and uſeful in many Engines {as we have ſhewn 
in the Windlaſs or horizontal Axis in Petritro- 
chio) is this—That, whereas either the 


Powers exerted by the Engine are intermitted 


or unequal, and ſo the Motion is more diff- 
cult in one Part of the Revolution than ano- 
ther, or perhaps the Strength of the Man, or 
any other Power to be ſupplied, cannot be ſo 
well applied to one Part of the Revolution as it 
can to another: In theſe Caſes the Fly be- 
comes a Moderator, and makes the Motion 
of Revolution almoſt every where equal, tho' 
the Reſiſtances are unequal, and the Forces 
impreſs'd are unequal; for that it has accu · 
great Degree of Power, 
which it equally and gradually exerts, and as 
equally and gradually receives ; whence mak- 
ing the Revolution in all Parts pretty near 
uniform, it becomes more pleaſant, eaſy, 4 
convenient to be ated and mov'd by the 1m- 
pelling Force ; which is the whole. Benefit 
which is procur'd by this mechanical Engine, 
this Way applied. But I ſhall ſpeak of the 
= and ſome other of its Uſes in i 
Flace. 
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or ſometimes, .. when the Roads are very good, and the Horles Led. Iv. 


ſtrong, 270 5. 


Mx. Richard Neuſbam Engineer, of Cloth-Fair near Smithfield, 
bas contriv'd his Engines to put out Fires in ſuch a Manner, that 
Part of the Men that work them exert their Force by treading, which 
is more effectual than any other way that Men can work at ſuch 
Engines, the whole Weight of the Body being ſucceſſively thrown 
on the Forces of the Pumps; and even part of a Man's Strength 
may be added to the Weight by means of horizontal Pieces, to 
which he can apply his Hands when he is treading : Whereas, 
by applying the Hands to move Leavers or turn Winches, the 
Power muſt act very unequally. This is the Reaſon why with the 
ſame number of Men he has generally thrown Water farther, higher, 
and in greater Quantities, with the ſame-fiz'd Engines, than other 

Engineers who have tried their Engines againſt his. | 


5 * 


N. B. His Engines have ſeveral Conveniencies peculiar to them, which 
makes them preferable to all others that J ever ſaw for extin- 
guſhing accidental Fires; but I reſerve their Deſcription for another 

part of my Book. . N 5 


Tur laſt and moſt effectual way of a Man's working, is the Ac- 
tion of rowing; wherein a Man acts with more Muſcles at once for 
overcoming the Reſiſtance, than in any other Poſition ; and as he 
pulls backwards, the Weight of his Body aſſiſts by way of Leaver. 


COROLLARY. 


From the Conſideration of the ſeveral Ways of a Man's acting in 
the Way of Labour, compar'd with the laſt, we may ſee how much 
People are miſtaken who think to row a Galley, Boat or Barge, by 
vertical Oars fix'd on a horizontal Axis like a Mill- Wheel, the 
Men working this Machine by heaving at a Capſtane; or turning 
Winches within the Veſſel. For this will always be bringing the 
Men from eafier and more effectual, to harder and leſs advantageous 
Work; as has been found by a great many more Engineers than will 
own it, and will be found by all that ſhall ever try it, be the Ma- 
chine made in any Shape whatever, unleſs when the Men work in a 
rowing Poſture, | 
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A yropiG10us Force may be exerted by the Muſcles of ks 13 


1 ag Thighs, to raiſe an immenſe Weight a ſmall Height; = as 
that Operation cannot be continued and brought to daily Labour, 
1 refer the curious Reader to the Notes, where that is more fully 


explain'd *: Neither do I here take Notice of digging, hammering, 
cleaving of Wood, or any. of the laborious Operations 'of Handi- 
craft Trades; becauſe ſome Men are much more dextrous than 
others; and the ſame Man by long Uſe becomes ſo perfect in one 
way of working, that by an acquir d Sleight he ſhall do twice the 
Work that an unexperienced Perſon can do, and yet not employ half 
fo much Strength. But this is en Craft, and not Talent ned 


laſt was all I meant to conſider, 5 


259 
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ANNOTATIONS on Lecture IW. 


Weight, &c.] There are ſome Caſes wherein the Friction does not Lect. IV. 
come up to a third Part of the Weight of the Body which rubs; Coyne 
but as in moſt Caſes it does, I choſe to give that Proportion as the Founda- 
tion of the Calculation of the Friction of an Engine compos'd of many Party _. 
before we erect it, eſpecially in regard to the Manufactures, becauſe the 
wearing of the Parts of Machines will in time alter their Figure and increaſe 
the Friction. And it will be better in Practice to find the Friction to be leſs 


than in the Theory, tho' that ſeldom happens, when calculated from a third 
of the Weight. | 9 | : 


= | Pn 192 — be Fridion is equal to about one third of the Annett. 


2. [Page 194. —— It would require ene third of - the Weight of the Sledge, 2 
&c.] In the Table of the Frictions of Sledges (Page 203, 204 and 205) 
quoted from Monſ. Camus's Experiments made on ſmall Models, there are 
more Caſes wherein the Friction is leſs, than where it is more, than one third 
of the Weight; but it is to be obſerved, that in all his Experiments the 
Sledge is in motion. But as I mentioned in my laſt Note, I rather choſe 
to continue the Proportion of a third on account of Accidents, beginning 
to draw from Reſt, and meeting with Rubs and Unevenneſs in the 
Streets, Oc. | v2 | ; 5 


3. [Page 211. We cannot expett that any Carriage to bear Weight can 
bave jo little Friftion, &c. — the Manner of remedying Friction, &c.] If the 
| Axles in ſome Carriages being made of Iron, and in others only clouted 
(that is covered) with Iron, were to run in braſs Boxes fix'd in the Naves of 
the Wheels, they would go ſo much eaſier, and wear ſo much longer, with- 
out danger of firing, as to make full Amends for the extraordinary Ex- 
pence. Where People are curious and don't value Coſt, as in Chaiſes and 
ſome Chariots, an Iron Axle being leſs in Diameter will have leſs Friction in 
proportion as it is ſmaller, and laſt very long if it turns in Boxes of caſt 
Braſs; but the Gudgeon in the Box muſt be ſufficiently long, which it 
may. be without increaſing the Friction, as has been already prov'd, but 
will be more clearly mea. by Experiments made on a Machine which I 
hall deſcribe in this Annotation. * 1 Gudgeons are but two * 1 | 
1 N 2 Fo Tnches 
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2660 4 Courſe of Experimental Philoſophy. 
Annatat. Inches long, as ſome have made them, _— thereby to diminiſh the 
Lect. IV. Friction, they will only wear two or three times faſter than if they had been 
Lny=—» made four or ſix Inches long. 85 +29 N 
A Wheel of an Engine whoſe Axis is fix d to, and turns with, the W 
may have the Friction of its Gudgeons diminiſhed in any Proportion. A 
1 Pl. 18. F. 6. for Example, under the Iron Gudgeon Gg , which we will ſuppoſe here 
of an Inch in Diameter, let there be two braſs Rollers A, B of eight Inches 
Diameter each, whoſe Axes C, D, are horizontal and parallel to the Axis of 
the Wheel: The Rollers, which conſequently are vertical (as may be ſeen in 
1 Pl. 18. F. 7. Fig. 7. ) are about an Inch thick, (or more if you will) and not in the 
ſame Plane, but one a little before the other, and parallel to it. Upon theſe 
Rollers is ſupported and turns the Gudgeon G of the great Wheel. 7; 
this Caſe the Friction of the Gudgeon becomes eight times les than if it mov'd in 
' the common Braſſes; for if we * the Gudgeon to move in the Direction 
_ Gg; it will not quit the Part g of the Wheel A on which it bears, to go to 
another bearing with its touching Part, as it happens when it turns and 
makes a Friction in the common way, but it brings along with it the Cir- 
. eumſerence of the Wheel or Roller A, turning it about in the Direction Ag, 
whillt its other touching Part G in its turning does alſo carry round the 
Roller B in the Direction GB; and theſe Rollers wou'd follow that Motion 
without any Friction, were it not for the bearing of their own Iron Axes 
C, D, in their Braſſes. So that the Friction is transferred from the 
Gudgeon Eg to the Axes C, D, where the Velocity of the rubbing Parts 
| being eight times lower than it wou'd have been at Gy, the Friction muſt 
| + Page 193, be eight times leſs, as we have + ſhewn already. Now tho? theſe Rollers 
294 have four bearing Points, and the other two which ſupport the other 
Gudgeon of the great Wheel's Axis have alſo four beating Points, the 
Friction is no greater, than if there was but one bearing, becauſe each of 
theſe Points ſuſtains but an eighth part of the Weight. Therefore ibe 
Tus is made eight times leſs by means of theſe Rollers: which was id be 
proud. 5 | e ee eee ee ROE 


SCHOLTUM. 


| Tf the Axes of the Rollers are made but of half the Diameter of the 

1 Gudgeon, as at E and F, then the Friction will be 16 times leſs; and yet 

{ | they will be ſufficiently ſtrong: for as a Cylinder of half an Inch Diameter 
is equal in Strength to the fourth part of one of an Inch, the four Ends of 
the Axis of two Rollers at one End: will be equal in. Strength to the Gud- 
geon, and ſo at the other End. | 3 


COROLLARY: 


Hence follows, that if the Ends of the Axes of the Rollers were each of 
them ſupported by two other ſuch Rollers, the Friction would again be 
diminiſhed 16 times more. Let us for Example ſuppoſe a Wheel to 1 

| ; Foot 


I ad * 
* #& S 


men a Philoſophy. 261 
Foot in aſap a to men 2 lib. the third of that Weight for Annvtat. 
Friction is 216 lib. which muſt be divided by 72, becauſe the Diameter of Lect. IV. 
the Gudgeon is ſo many times contained in the Diameter of the Wheel, 
and we ſhall have 3 Hb. for the Friction of the Wheel upon common Hraſſes; 

but this Number mult be divided by 16 times 16, that is, by 256, on ac 

count of the Rollers bearing on Rollers, which will thus reduce the Friction 


to ++ lib. or little more than one deen e of e e or 92 Plan 0 8 
to the Ounce, | x 


Fa [Page 22 1 W Friftion on the Arte, bee. ] fined. we {doe Cad WA ; 
already prov'd *,: the Friction ariſes from the Weight that preſſes the Parts“ . 4. a 
together, and not from the Number of Parts that touch 3 there is no Occa - 192. 
fion for ſhortening. the Axes of Wheels, either in Carriages or any orher 
kind of Wheels, in order to diminiſh the Friction: for that will not only fail 
of the deſir d End, but make the rubbing Axis wear out much faſter; and 
in Clock · work it is of bad Conſequence, becauſe when the Holes are coun- 
ter · ſunk to ſhorten the bearing, the Holes ſoon wear too big; whereas, if 
they were made only cylindrical, the Thickneſs. of the Frame Plate, the 
Friction wou'd be no more, and the Pivots wou'd wear much longer: aud 
indeed it is now what all good Clock makers practiſe; for if they counter - 
link, it is but a ſmall Depth to hold Oil. Lxperiments on chew We bh 
Machine will make this more ſenſible and evident. | | 


Plate 18. Fig. 8. 


On the flat braſs b Plate A BC n is . 3 almoſt as big as 
the Machine) are fix d two upright Plates D and E, with à Slit in one of 
them at D, and a Hole in the other between the Letters K and L, to re- 
ceive the ſmall Pivors at the Ends of the Axis DK of the Wheels Z FLG. 
But thoſe Pivots, which are but about one goth of an Inch in Diameter, 
do not bear on the Hole at K and the bottom of the Slit at D; for they 
are ſupported upon two circular Plates or Rollers at each End of che Axis, 
biz. The vertical Plates M x, Ma, Mg, M 4, in the manner defcrib'd 
in the laſt Note, and repreſented at G g. Fig. 6. f and the Section of one of f Fl. 18. F. 6. 
the Rollers or Plates is ſhewn by Fig. 7. So that when the Wheel turns 7 
round one way, all che rolling Plates turn the contrary way as freely as if 
the Pivot had been a Pinion, and the Wheels or Plates had been toorh'd, 
becauſe the Axes of the Plates have very ſmall Pivots which turn in very 
ſmooth Holes, that are made and yy liſh'd in the four upright fix d Plates or 
Cocks N x, N 2, O nnd P; which laſt Cock has only the Corner of its 
Baſis viſible in the Figure, the Wheel M 2 hiding it in this Sitostion of che 
Machine. The little Cocks, fuch as D, d, d, ſerve for the Ends of the - 
Pivors to bear againſt (both for the great Wheel and the four litthe Wheels, 
there being ten of them, of which only three are viſible here) and by that 
STERN againſt the Ends, the Shoulders as CC, Fig. 7. will never tub Pl. 18. 1 
at all. 
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Lect. IV. 


By this means the great heel has fo little Friction, that if we af ply 2 
| Circumference will go more than the ſpace of a Mile before the Wheel ſtops: 


2 8 
+ 


ente / Philoſophy. | 


; 


s : * 
© 1 p * 
4 WS 13 * 
5 = 1 4 . J 
meet © 9 . 4 SEES EEE 
- * 2 * 
F 4 0 33 


Finger to its Circumference to put it briſkly in motion, any Point of its 


for tho? one cannot count the Number of Revolutions of the great Wheel by 


looking at it, yet one may know their Number by looking at the Holes 
which are left in the ſmall Wheels (one in each) for that purpoſe; 47 
e 


Pivots give them Motion) turns ſixty times. N os 
The Friction of the great Wheel thus becoming ſo little, as to be in a 
manner inſenſible, it is fit for the Purpoſe intended. Then on the top of 
the Cock or upright Piece QR, ſcrew'd down faſt by its Baſe or Foot Q, 
is faſten'd by a Screw at R one End of the Spiral Spring S t, S2, 83, 84, 


"whoſe other End is faſten'd to the Axis of the great Wheel near 84. Now 


Pl. 18. F. g. 


pl. 18. F. 8. 
4 Pl. 18. F. 10. 


if the Wheel be made to turn on its Pivots, by bringing the Point Z of its 
Circumference towards the Index Y, which points to Degrees on the Edge 
of the Wheel, (but not repreſented here except by the Dots mark'd from 2 
towards Y) as ſoon as we let it go, it will return towards Z, and make ſe- 
veral Vibrations backwards and forwards, like the Balance of a Watch, for 
a long time: but if any thing bears againſt the Axis 'H 1D, which is truly 
cylindrical and one 4th of an Inch Diameter, then there will be fewer Vibra- 
tions in proportion to that Friction. Now to ſhew that the Friction is pro- 
e to the Weight that preſſes on the Axis, and not the Surface, the 
ollowing Experiments are made. — CS 


EXPERIMENT I. 


Take the Piece of Figure ꝙ r, weighing half an Ounce (being made in the 
Form of a flat Croſs, and after filing, ground ſmooth upon an Oil-ſtone on 
the flat Under - ſide of V, with a little Hole at the End T, and a ſmall ſolid 
round Piece hanging down at the oppoſite End X) and lay it over the Axis 
of the Wheel betwixt I and D, fo that the Weight of the hanging End X, 
drawing down the flat V upon the ſaid Axis, makes the End T riſe with its 
little Hole againſt the Point or lower End of the Screw T of the Cock T, 
which keeps it in its place when the Axis turns round under it; then having 
brought Z to V, or drawn back that Point againſt the Bent of the Spring 
about go Degrees, obſerve the Number of Vibrations that the Wheel makes 
before it ſtands ſtill by the Friction of the Croſs, in the Situation repreſented 
by faint Lines; at T V X, Fig. 8*. Suppoſe the Number of the Vibrations 
be go; then let the Croſs of Fig. 10 , be put on in the ſame manner and at 
the ſame time juſt by the other, and kept in its place by the bottom of the 
other Screw; as it is exactly the ſame in Figure and Weight as the firſt. 
Croſs, and it will add as much more to the Friction of the Axis, the Weight 
preſſing as well as the Surface rubbing being doubled; which appears by 
giving Motion to the Wheel as before, becauſe then the Number of Vibra- 
— . e | 
| | | Ex E- 
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| Toſtead of the two „ CoM abovementioned, put on 40 Prof 1 Eg. 11 . 
whikh weighs one Ounce (that is, as much as the two others) but has the 
Surface under V I 3 and poliſh'd like the others: Then put the 

Wheel in motion as before, and the Vibrations will be but 25 in Number, 
tho' the Surface rubbin is in but _ becauſe the Gow a is _ ſame. 40 

this] is further prov by 1 


BS ROS | 
S Ut. Ne es 
In which, the Piece X muſt be unſcrew'd from i its Place, a 1 a- 
gain in the ſame Hole on the other ſide of the Croſs, to oe the little Flat 
of the Priſm at V to bear upon the Axis of the great Wheel inſtead of the 
broad Part of the Croſs. Then alſo will the Wheel loſe its Motion after 25 
Vibrations, tho' the bearing Surface be above twenty times leſs than when 
both the firſt Croſſes were on; becauſe the Weight i is the fame, | 


8 [Page . 8 the manner of 8 . of 
gaining an Advantage, he muſt call in more Men to perform the Mork. 
Some have endeavour'd to render this Engine more uſeful, by cauſing it 
to roll upon an inclin'd Plane inſtead of making it riſe dirt ctiy up in the 
manner deſerib'd, and condemn'd in my Account of it. 1 thought proper 
to ſhew here, what muſt be the Loſs of the We in proportion to the- n- 
clination of the Plane. 
I ſay therefore, That in every laclination of the Plane, if the Sine of tbe 
Angle of Inclination be taken in Parts of the Radius of the Axle, or Roller, 
5, Power will be to the Weight :: as the Radius of the Roller + the Sine of 
Inclination : to the Radius of the Wheel, — the ſaid Sine of Indlination ; 
that is, in the Fig. P (Ii): W (= 3): :dk:ak. + Plate 20. Fig. 10. tr 20. F. 10. 
8 the preſent Experiment BE is an inclin'd Plane, on which the Roller 
C is to roll up, touching the ſaid Plane at the Point c; A'M is the Wheel 
behind that 8 another ſuch Plane, and equally inclin'd, being alſo 
ſuppoſed behind the Wheel, to ſupport the other End of the Roller. 
The Lines of Direction of the Power and Weight being a P and 4 W; 
through the Point of Contact or Center of Motion c, draw A D parallel 
to the Horizon, and perpendicular to a P and d W; through the Center 
of the Engine C, draw à d parallel to A D. Suppoſe the Angle Bc A f 
the Plane's Inclination to be 30e, the right sine will then be equal to half 
the Radius; therefore dividing C 2 (the Radius of the Roller) into two 
equal parts at &, if you draw & c and Cc, the Angle C will be equal to 
BcA, and its Sine will be CE. Now fince it is evidently the ſame thing 
to make uſe of ad for a Lever, whoſe Center of Motion is at as of A5 
equal and parallel to it with its Center of Motion at c; it follows, that, 
in this Inclination of the Plane, the Diſtance of the Weight && is greater 
than 4 C (the Diſtance of the Weighs in the common Ule of this Engine) 
by 


1 by the Addition 8 this 3 CE, the Sine of the Kagle of 3 | 
Lect IV. and 44, the Diſtance of the Pawer, is Jeſs than Ca (the Diſtance of the 
e — Power in the common way) by the Subtraction of the ſaid Quantit ie oy Sine 


Ck: conſequently that on an 1285 Nute the LOR. is Y the 25 1 
as De: tacA. Q. E. D. | 
ee 26 10 COROLLARY L. 


A 


Hence it follows, 5 the Radius of the Wheel, 5 4 Radius of the 
Roller being given, the Loſs of Power may be found in any Inclination of 
the Plane. Thus, as here the Power, which in the common way wou'd be 
but one 5th of the Weight, muſt be one 3d part of it; fo if the Angle of 


the Plane's e was but 117 320 a 'y Power FL one 4 of the 
INN mak Ado | „535 


COROLLARY 1. 


- Hence follows alſo, that if the Plane BE be horizontal, no Free of the 
Power wilt be loſt, becauſe cg: 12g CG; . | 


* 


SCHOLIUM, 8 


As the Friction of the winding of the Ropes, fuch as Be in the new 
Way, is greater than the Friction of the Pivot in the old Way (beſides the 
Friction of the Collars of the Counterpoiſe to the Engine) ſo that Friction 
diminiſhes, as the Ropes bear leſs Weight, according to the Diminution of 
the Angle of the Plane; and when the Plane is horizontal, and without a 
Cou:r.terpoiſe, even then the winding up of the Ropes, and Preſſure of 
the Roller againſt the Plane, is as den to the Friction in the common 
wa 

2 N. B. I made the Experiment with Pivots teveloe times leſs in Diameter 

than the Roller, and fine pliable Silk inſtead F Ropes. 


6. Page 253.—Five Men are equal in Strength to one Horſe, &c. ] Such 
Engliſh Authors as have compared together the Strength of Men and Horſes 
at a Capſtane, have found their forces to be in that proportion, as Sir Jonas 
Moore and others, &c. But the French Authors always make an Horſe equal 

to ſeven Men; which I believe to be according to their Obſervations. Nay, 
and I have obſerved the Labourers in Holland (one with. another) to work 
with a Force pretty near in that Proportion. So that we may ſay, — That 
five Engliſh Labourers are equal to an Horſe, and only ſeven French Men 
or as many Dutch Men. But here we do not at all conſider Skill, or Sleight, 
which make a Man of the ſame Strength do much more than another. 


But in Turkey the Porters will carry twice more than the ſtrongeſt Englib 


Porters, as we ſhall more — conſider in the next Note. 
7. (Page: 


Faree:may be 


exerted, &c.] About 30 Years Annotats | 


quite ſo ſtrong as the King of Poland, by the Accounts we have of that Prince) w—=—wmas 


himſelf into, as to paſs for Men of more than common Strength, by draw- 
ing againſt Horſes, breaking Ropes, lifting vaſt Weights, Sc. (tho* they 
cou'd in none of the Poſtures really perform fo much as Foyce ; yet they did 
enough to amaze and amuſe, and get a great deal of Money) fo that every 
two or three Years we had a new ſecond a "06 
About 15 Years ago a German of middle Size, and but ordinary Strength, 
ſhew'd himſelf at the Blue Pals in the Hay- Market, and by the Contrivances 
abovemention'd, paſsd for a Man of uncommon Strength, and got conſide- 
rable Sums of Money by the daily Concourſe of Spectators. After having 
ſeen him once, 1 gueſs'd at his manner of impoſing upon the Multitude , 
and being reſolved to be fully ſatisfied in the Matter, I took four very curi- 
ous Perſons with me to fee him again, viz. the Lord Marquis of Tullibar- 
din, Dr. Alexander Stuart, Dr. Pringle, and a mechanical Workman, who 
uſed to aſſiſt me in my Courſes of Experiments. We placed ourſelves in ſuch 
manner round the Qperator, as to be able to obſerve nicely all that he did, 
and found it ſo practicable, that we perform'd ſeveral of his Feats that Even- 
ing by ourſelves, and afterwards I did the moſt of the reſt as ſoon as I had a 
Frame made to fit in to draw, and another to ſtand in and lift great Weights, 
together with a proper Girdle and Hooks. I likewiſe ſhew'd ſome of the 
Experiments before the Royal Society; and ever ſince, at my Experimental 
Lectures, I explain the Reaſon of ſuch Performances, and take any Perſon 
of ordinary Strength that has a mind to try, who can eaſily do all that the 
German above mentioned uſed to do, without any Danger or extraordinary 
ſtraining, by making uſe of my Apparatus for that Purpoſe. I don't hear 
that any of theſe Samp/ons have attempted ſince to impoſe upon People in the 
ſame manner in or near London,” OE DOTS TS I T0 ound 
Vor, | 22 5 Mm 15 But 
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'Annotai. But now it wilt not be improper to mention hst were the Fats of ; 
Lect. IV. Strength which the German uſed to perform (for I never ſaw. Joyce) and to 
e, from the Make of. che dae A Roy "guy hi. one may 10 =p 


"PL 19. F. 


#P1. 19. F. 3. 


Pl. 19. F. 4. 


Pl. 19. F. 5. 


pl. 19. F. 6. 


ae, 
I, The Aong Man 1 H Iz on: dhe Frame 4 G B E. 8 C D fat upon att 
horizontal Board, or rather: inclining backwards as FG, with his Feet 
againſt; an upright immoveable Prop as DCF r at E, with a 
ron Girgle H round him a little below: his Hips; to the Iron Rings of 
which Girdle was faiten'd a Rope by means of a Hook. The Rope went 
between his Legs and thro' a Slit of the Prop at L, and ſeveral Men at 
51 N, or two Horſes could not Fans oP Pony. move bim our: -of his 
ace. 
. B. Vis nd at K es 10 11 Has: core a axcddoartage 55 e 
nay, bnd be lifted; the Rope ever ſo little with them, at would have bten 
121  » Diſadvantage : and tbo the Board on which be ſat was (when I ſaw him) 
in the horizontal Poſition E P, it is much better and leſs dangerous o 
have it inclin d as F G, and only an Hole al IL. for the Rope to run thro 
inſtead of an. ae from: L 4p 70 D, as 7 77 Faye: in explaining this 
; Operation. 3 A Ain o | 
24h, The ſame Man IH L * e fix'd the Koper ag pid 
round: a ſtrong Poſt at R, and then paſs'd it thro? à fix d {ron Eye at L, 
fix'd it to his Girdle, and ſetting his Feet againſt the Poſt near the ſaid Eye, 
rais'd himſelf from the Ground by the ſaid Rope; which he broke by fide: 
ly ſtretching out his Legs and fell backwards on a Feather Bed at B, laid on 
the Ground to. catch him, that his Fall might not hurt him. | 
' 34ly, He lay down on the Ground in the Poſture HL“, with an 0 
K H on his Breaſt at H, upon which another Man M hammer'd with all 
his Force the Iron K with a» Sledge Hammer; and ſometimes two Smiths 
cut a great cold Iron Bar in two with Chizzels. : Sometimes a great Stone, 
of which, the half; is ſeen at 8, was laid upon his Belly and broke with a 
Blow of the great Hammer. But he had the Stone broke upon his Belly in 
the Poſture of Fig. 5. which is much leſs dangerous when nothing is under 
the Back, than when a Man lies upon ſolid Ground, as werſhall few. 
4thly, The pretended Sampſon puts his Shoulders (not his Head, as he 
uſed to give out) upon one Chair and his Heels upon another, and ſupports 
one or two Men ſtanding upon his Belly, raiſing them up and down as he 
breathes, making with his Back- bone and Taten and * mk Arch 
IH L +, whoſe Abutments are at I and I. 
N. B. J be Stone of one and à half Foot long, one Foot lene, Sin” os or 
Ie Inches thick, "0 . on ark EL when it is to be broken. Y n of a 
Hammer. | 
e He lies dow on bee Ground i in inks Poſture I LH . and the 
Man M ftanding upon his Knees, he draws: his Heels towards his Breech, 
and ſo raiſes his Knees over C, and lifts up the Man gradually, till having 
A a his Legs perpendicularly ue the Man, as in Fig. 7: er x 
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| ly. putting his Arms about the Man's: Legs, riſes with Annotat. 
him and fets him down on ſome lo Table or Eminence about the Height Le&, IV. 
of his Knees: and this he ſometimes does with two Men; which is no dif- w—v=— 
kcult Performance. as | 


615% He ſtands in the Frame ABCDEF*, and pretends. to raiſe up, l. 20. F. 2. 


but does really ſufain, a Cannon C laid on the Scale S4, the Ropes of the _ 
Scale being hx'd to a Rope or Chain LH, hanging at his Girdle H, his 


Aſſiſtant knocking away the Rollers Rr, from under the Scale, when once 
he W NON Tt as to have his Ropes tight, and his Legs and Thighs 
vite fired. 8 i FT 
5 N. B. 1! is very near as eaſy to break the Rope with the Eye L fx d into the 
Ground er Floor by means of the Girdle H, Þ Fig. 1. as in the manner re- +Pl. 20. F. 1. 
preſented in the * third Fig. of Plate 19. But be never tried it that way; Pl. 19. F. 3. 
becauſe it is ſo obvious, that ſeveral People would immediately have tried 
it tos, and would find that there is na difficulty in breaking the Rope thus, 
as 1 have often done it; but by making the Fall backwards ſeem neceſſary in 
the Operation, few Perſons care to try it ibis way. „ 

The + 4th Figure repreſents the Girdle made of ſtrong double Horſe Girt, pl. 20. F. z, 
with ſtrong Iron Loops at & and R. The Hook is ſeen at Fig. 3; and the 4 and 5. 
Poſition the Iron Eye at Fig. 3. where you may obſerve that the Edge 
of the Eye, and not the open Port, towards the Poſt, ſo that the Rope 
des not eaſily lip thro? the Hole, but jams or ſtops in it, whereby the 
whole Strength of the Man's Efforts acts upon one part of the Rope, and ſo 
it is eaſily broke. FB nn 

The Man likewiſe, uſed to take a flat Piece of Iron of the Figure mark d 
7*, and twiſt it into a Screw. But, his manner of doing it, made. it very - pl. 20. F. 5, 
eaſy; for he firſt bent the Iron to a right Angle, as at Fig. 8. then wrapping s, and 9. 
his Handkerchief about the broad flat upper End of the Iron, he held that ä 
End in his left Hand, and with his right Hand applied to the other End 
twiſted about the angular Point, as in Fig. 9. „„ 

N. B. My Lord TULLIBARDIN took one of his Irons and did the ſame 

thing before bim; and indeed what was harder, for he untwiſted one of the 
Irons that the Han hed rage. | i (oo a, fr 215 

In order to explain how the abovementioned Feats may be perform'd by 
Men of no extraordinary Strength, I have in the 6th Figure * drawn the Pl. 20. F. 6. 
lower part of a Skeleton, containing ſo many of the Bones of the human | 
Body as are concerned in theſe Operations, making the Figure pretty large, 
to ſhew the better how the Girdle is to be applied. 1 | 

The Bones mark'd, 1 SA P Al (a) which compoſe the Cavity call'd the 


: 4 


Pelvis, contain a bony Circle or double Arch of ſuch Strength, that it 


x 


wou'd require an immenſe Force to break them by an external Preflure di- 
et 5 Mm 2 Cf! 


(a) Theſe Bones are thus diſtinguiſh'd by and turns round, being held by a ſtrong Liga- 
Anatomiſtt. S, the Os Sacrum; II, the um; ment in its middle: thoſe Parts of the Bone that 
AA, the Os/{chium ; whoſe ſtrougeſt part has on join together before betwixt AA and above P 
each Side an hemiſpherical Concave, in which are call'd the Os Pabis or Ofa Pabiss 
the round Head of the Thigh-Bone is receiv'd 8 | 
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Annotat. 're&ed towards the Center of the Circle, or the middle of the Pelvis. It is 

ect. IV. alſo to be obſerv'd, that thoſe Parts of this bony Circumference, which re- 

= ceive the Heads of the Thigh-bone above, at, and below A, call'd the 1/chium 

or Coxendix, are the ſtrongeſt of all, ſo that a very great Force may puth the 
* "Heads of the 'Thigh-bones upwards (or, which is the ſame thing, 7 


Parts of the Coxendix downwards) or towards each other in a lateral Direction 


Ll 


from A to A, ee e any Hurt to the human Body. 3 
Nou if the Girdle above deſcribed be put round the Body in the manner 
roepreſented in the Figure, and be drawn downwards at G, by a great Weight 


W, it will preſs on the Os Sacrum behind, and the Iium; then it will by its 


Preſſure on TT, the great Trechanters of the Thigh-bones, drive the round 
Heads the faſter into their Sockets, fo as ro make them leſs liable to flip out 


and ſtrain the Ligament by a Puſh directed upwards. So that the ſemicir- 
cular Part of the Girdle, T CSC T prefles together the bony Arch denoted 
by the ſame Letters, which according to the nature of Arches, is the ſtronger 
for that Preſſure. The Abutments of the Arch cannot come nearer together 
by reaſon of the Reſiſtance of the ſtrong Bones A P A, neither can they fly 
outwards, becauſe the Girdle keeps them together. Then the Thighs and 


Legs T DB are two ſtrong Columns, capable of ſuſtaining four or five 


thouſand Pounds at leaft, provided they ſtand quite upright. The Muſcles 
here are put to no Strain, being no farther concerned than to balance each 
other; that is, the antagonift Muſcles, Extenſors and Flexvrs only keep Nie 
Bones in their Place, which makes them reſiſt like one entire Bone form'd 


| RR CGE. n 
Pl. zo. F. 2. This ſhews how eaſily the Man of Fig. 2. * may ſuſtain a Cannon of two 


or three thouſand Pound Weight. The ſame Solution will alſo ſerve for 
the Refiftance of the Man of Hg. 1. Plate 19. + whom five Men (nay ten 
Men or two Horſes) cannot pull out of his Situation when he fits fo as to 
have his Legs and Thighs in the horizontal Line P F, or in a Line in- 
clining downwards towards A: for then, tho? there is a difference in the 
ſitting Poſture from the ſtanding Poſture before deſerib'd, yet by reaſon 
of the Mobility of the Heads of the Thigh-bones in the Acetabula or Cavi- 
ties of the Cexendix, the Arch is the fame and as ftrong as before, its 
Abutments being equally ſupported by the Legs and Thighs. It is only 
the bending of the Back- bone above the Girdle to bring up the Body 
which makes the Difference of Poſition in the Man, tho' not ſenſibly 


in the reſiſting Parts. The Impoſſibility of overcoming the Reſiſtance of 


the Man that fits with the Girdle about him, without cruſhing his Legs 


| and Thighs end-wiſe into one another, depends upon what has been ſaid 
*Ann..L.3. in the“ fifth Note of the third Lecture (Page 149) where we have ſhewn 


that a Power acts ineffectually upon a Leaver, when it draws it againſt the 


Center of Motion,. This will be further explain'd by the 2d Fig. of Plate 
Pl. 19. F. 2. 19, * where the Leaver H L, whoſe Center of Motion is at L, repreſents the 


ſtrong Man's Legs and Thighs, the Power of the Men or Horſes pulling at | 


M, being applied at H, and drawing in the Direction H I.. The ſame 


will happen when the Leaver is in the Poſition hL; but it the Man e 


being 1L, would reduce the Action of the Power to the ſame thing as if 


the Weight of the Man was ſuſpended at h the long Brachium of a bended 


Leaver 5 LI, and the Power ſhould draw at the Point I, by the ſhort Bra- 
chium J L. Then if the Power was to the Weight in a Ratio ſomething 


greater than that of $7 to /L,, the Man wou'd be pull'd upwards in an Arc 
whoſe Center is at L, his Reſiſtance decreaſing continually z becauſe then 


only his Weight would a& againſt the Power, by the help of a Leaver 
which in its Motion would continually increaſe the a#ing Diſtance of the 
Power, and diminiſh that of the Weight. Now as this may happen to a 
Man fitting upon a horizontal Board, if his Girdle be a little too bigh, or 
he be pull'd on the ſudden, before he is rightly fix'd and his Legs and 
Thighs are in their due Poſition; I would always adviſe that the Board 


Thighs in the Poſition of the Leaver 5 L, MI, the Line of Dire&ion Lect. IV 


TT - 


ſhould recline in the manner FG, “ to prevent ſuch a Surprize, which can „pl. 19. F. 1. 


hardly happen then, becauſe the Point H mult riſe quite above the Line 


L before the Power can gain any Advantage. Nay, for greater Security, 


inſtead of the Slit D L (or LI If Fig. 2.) 1 uſe only an Hole at L., for the tl. 19. F. 2. 


Rope to pals thro', and always be between the Legs and Feet. ny 
I have obſerv'd the pretended Strong Man ſometimes to have a ſhort ſtrong 
Stick of about a Foot long tied to the Rope at R, that in caſe of a Sur- 


prize, that Stick might ſtop againſt the Props D and C, fo as to prevent 


his being drawn any farther forward in ſuch a Caſe; and then he held the 


Stick in his Hands, pretending to pull with his Hands to make the Trick 
_ appear the more ſtrange. 5 „ EDI. I 


But in breaking the Rope the Muſcles muſt act in extending the Legs; 


and that we may the better explain that Action, we muſt conſider a Man 


breaking the Rope as repreſented in the firſt Fig. of Plate 20. * that way *P1. 20. F. f. 


being more ſimple than when it is broken in manner of Fig. 3. Plate 19. T. Fl. 19. F. 3. 


The Rope being faſten'd to a Polt at P, or any other fix'd Point, is 
brought thro' an Iron Eye L to the Hook of the Girdle H of the Man 
Hl, and ſo fix'd to it by a Loop, or otherwiſe, as to be quite tight, whilſt 
the Man's Knees are ſo bended as to want about an Inch of having his 
| Legs and Thighs quite upright. Then if the Man on the ſudden ſtretches 
his Legs and ſets himſelf upright, he will with Eaſe break the very ſame 
Rope which held two Horſes exerting their whole Strength when they 
draw againſt him; fuch as a Cart Rope, or a Rope of near three quarters 


of an Inch diameter, which may be broken by a Man of middling Strength, 
by the Action of the ten Muſcles (a) that extend the Legs, five belonging 


If -.. 


to each Leg. 


{a) The 185 Muſcles that extend each outer and the ſoreſide of the Tibia and Fibula. 


Leg are de ſerib'd by the Anatomiſt:. Their 2. The Redus ſpringi from the lower Part 
Os 


Names are, 1. Membranefus, ariſing from the of the Spine of um, and inſerted alſo 
upper Part of the Spine of the Os Ilium, and a little below the Knee into the foreſide of 
inſerted a little below the Knee into the | | DF a the 
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8 pe is lrong enough to bear, 1 800 lib, but will break by hang- | 


Annorat. - If the Rope is ſirong enough to be: but will break 
Lect. IV. ing. a little more Weight to it; two Horſes, or ten Men, cannot break it 


34 


by fair pulling or drawing againſt the fitting Man of Fig. 1. Plate 19. 
Pl. 19. F. 1. Por an Horſe in common hard Work of ſix Hours a Day can only pull 
+ Page 251. 240 lib. The cannot draw more than double that Weight when, he is 


£80 
. 


we muſt obſerve, that the Man takes the Rope ſo ſhort, that when he 
climbs up againſt the Poſt, if the Eye L (thro which the Rope paſſes) 
be between his Toes, his Heels being lower at T, when his Knees are 
ſtreight, the length of his Legs and* Thighs T H is greater than the 
length of the Rope and Girdle from L to H; ſo that we may conſider in 
the Man and Rope the Triangle / h 7 drawn below the Man in the Figure; 
the Side Jh, repreſenting the Length of the Rope and Diameter of the 
Girdle; the Baſe /z, the Man's Feet; and the longeſt Side 7 h the extend- 
ed Limbs or. the Legs and Thighs when ſtreight. Now in the Rotation 
of the long Sides of this Triangle, when the Side Jh comes to be horizon- 
tal at Ir (moving in the Arc hr round the Center /,) the Side 7h will be 
in the Situation 5 (as it moves round the Center f in the Arc hs) and 
conlequently either the Rope muſt ſtretch from r to , or the Point h, by 
the bending of the Knees muſt be brought nearer and come tor; or elle 
the Rope muſt break, which is what will happen, eſpecially when we con- 
ſider that the lower the Body (with the Limbs ſtiff) comes down round 
the Heels for the Center of Motion, the greater will the Diſtance r be, 
as we may ſee a little lower at 15; ſo that if the Rope did ſtretch a little 
at firſt, it muſt break at laſt, and the Man fall down upon the Feather-bed, 
5 bl 3 8 


the Tibia. 3. The Vaſtus Externus, ſpring- leſſer Rotator, and likewiſe is inſerted a little 

| ing from the Root of the greater Rotater, and below the Patella. 5. The 5th is the Crureus 

5 Inſerted a little below the Patella, near the ſpringing from the forepart of the Thigh- bone, 

ne NN ſame Place with the former. 4. The YFafius between the two Retaters, and ending in the 
pr ak | internus, Which ariſcs from the Root of the ſame Place with the former. 
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or other ſoft Body to receive him, at B. For if the Man finds that the Annotat. 
Action of the Muſcles Extenſors of the Legs does not break the Rope, he Lect. IV. 
can in this Poſition eaſily add the whole Weight of his Bay with a OY IIS 
and a Jerk, as he throws himſelf. backwards. 

The Poſture of Fig. 4. Plate 19.“ (where the ſtrong Man having an Pl. 19. F. 4. \ 
A vil on his Breaſt or Belly, ſuffers another Man or two to ſtrike with a | 
Siedge Hammer and forge a Piece of Iron, or cut a Bar cold with Chiz- 
zels) tho? it ſeems ſurprizing to ſome People, has nothing in dit to be really 
wonder'd at; for ſuſtaining the Anvil is the whole Matter, and the hea- 
vier the Anvil is, the leſs Ave the Blows felt: And if the Anvil was but two 
; or three times heavier than the Hammer, the ſtrong Man would be kilP& - 
| by a few Blows. © This would be eaſily underſtood by calling to mind what 
_ we have ſaid in the ſecond Lecture; for the more Matter the Anvil has, | 

the more Inertiu and the leſs liable it is to be ſtruck out of its Place; beeauſe | $: 
when it has by the Blow recciv'd the whole Momentum of the Hammer, | 2 

its Velocity will be ſo much leſs than that of the Hammer as it has more 
Matter than the Hammer. Neither are we in that Caſe to attribute to 


the Anvil a Velocity leſs than the Hammer in a reciprocal Proportion of RE, 1 
their Maſſes or Quantities of Matter; for that would happen only if the 1 
Anvil was to hang freely, in the Air (for example) by a Rope, and it 1 


was (truck horizontally by the Hammer; but the Reſiſtance of the Ribs 
Which make an Arch under it, will ſtill diminiſh that Velocity: So that if | | 
the Hammer ſtriking the Anvil when hung freely, could make it move an | 4 
Inch out of its Place, by putting a Reſiſtance behind it equal to the Weight _ 
of the Anvil, it would move but half an Inch; and but a quarter of an Inch i 
if that Reſiſtance ' was double, Sc. Thus is the Velocity given by the ty 
Hammer diſtributed to all the Parts of a great Stone, when it's laid upon $ 
the Man's: Breaſt to be broken; but when the Blow is given, the Man teels 9 
leſs of the Weight of the Stone than he did before, becauſe in the Re- — f 
action of the Stone, all the Parts of it round about the Hammer riſe to- | 1 
wards the Blow; and if the Tenacity of the Parts of the Stone, is not 
ſtronger than the Force with which it moves towards the Hammer, the 
Stone mult break ; which it does when mn Blow is foto, and en 19 81 
the Center of Gravity of the e 3 f 


N. B. 4. hat the Parts if Bodies Rruck move ends the Bsp 15 a Con: | 
ſequence of a Law 27 W the ee of which bere fol- 1 
lots. . 5 g 


1 ; 
» 


The common n Experiment of Lak a Stick with its Ends upon. two 
drinking Glaſſes full of Water, and ſtriking the Stick downwards in the i 
Middle, with an Iron Bar, fo as to break the Stick without breaking the | 1 
Glaſſes or ſpilling the Water, plainly proves the Fact; and the Obſerva- 
tion of what happens in the Experiment, ſhews it to depend vpon the firſt | 
Law of Nature (Page 293.) hes if the Glaſſes A, B, have upon their Pl. 16. F. 8. 

Brims 


pl. 16. F. 9. 


Fl. 19. F. 5. 


7. 


wards C. 
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at C. 


This is confirmed by making the Experiment the contrary way; for if 


ſpill the Water. 


There is alſo another Experiment, which makes this very evident, 
Let the Circle or Hoop of Lead ABC * be hung up by the String 


S G, and then ſtruck by the Bar above-mention'd at the Point B, in an ho- 
rizontal Direction; the Effect will be, that the Ring will change its Fi- 


gure from the Circle ABCDEF to the irregular Oval AbChDeFg, 


that not only the Parts of the Ring at A and C come towards the 
Blow, while the Bar B (repreſented by its ſquare Section) moves from B 
to +, but alſo the fartheſt Part of the Ring E comes forward to e, the 
Points A, C, FE, D, becoming Centers of Motion for the Arcs (or Qua- 
drants) BG, BH, E G and EH, to be put into the Poſitions b g, & b, eg, 
and e b, in which Caſe they mult alter their Figure, becauſe they are not 


ſeparated from one another at the Points B, H, E, G, Ge. 


I ſhould be too tedious to be as particular in my Explanation of the 
other Feats of Strength as I have been in theſe above-mention'd. There- 
fore I will only lightly conſider the following ones; eſpecially, fince the 
Principles already explain'd in the Lectures paſt, and the Conſiderations 
Juſt mention'd, will enable any one eaſily to diſcover the Reaſon of all ſuch 


Performances. 


In the gth Fig. of Plate 19. + the Man LI HL (the Chairs I, L, being 
made faſt) makes ſo ſtrong an Arch with his Back-bone and the Bones of 
his Legs and Thighs, as to be able nat only to ſuſtain one Man, but three 
or four, if they had room to ſtand ; or, in their ſtead, a great Stone to be 


| broken with one Blow. | ; 
Pl. 19. F. 6, In the 6th and 7th Figure of the ſame Plate“, a Man or two are rais'd 


in the Direction C M, by the Knees of the ſtrong Man IH L. lying _ 


8 
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his Back. Now. we muſt obſerve that the five Muſcles (a) which bend the Annotat. 
Legs (tho" weaker than the Extenſors, becauſe they are not to carry the Lect. IV. 
Body in our common Motions) act with their greateſt Force at the Begin- E- 
ning of this Operation, as all Muſcles do when from their full Extent they | 
begin to contract; and to. relieve them in their Action, as the Heels come 
forward from the Point L, they ſtop againſt the Ground, #*nd keep the Body 
M in the Place which it is riſen to: So that the Action of theſe Fietors is“ 
re-iterated, and they have time to be recruited with freſh Spirits (or whatever 
Fluid is the firſt Cauſe of their Inflation ;) and when they are ſo far con- 
trated as to act more weakly, the Preſſure of the Weight affects them leſs 
and leſs, the Bones ſupporting more of the Weight as they become more 
erpendicular, and conſequently the Muſcles have leſs occaſion to act. See = 
Fig 7. The reſt of the Performance, viz. of ſetting the Man M upon l. 19. F. 7. 
a Table, is very eaſy and obvious, the ſtrong Man having now only his 
own Body to lift up, which he helps. by putting his Hands round the Man's 
Feet or Hams, and in raiſing himſelf up, rather puſhes him off of his 
own px ug than lifts him up upon a Table placed at N at Arms ends, as he 
retends. | 1 | 
F In breaking the Rope one thing is to be obſerv'd, which will much faci- 
litate the Performance; and that is to place the Iron Eye L“, thro' Pl. 20. F. 3. 
which the Rope goes, in ſuch a Situation, that a Plane going thro' its Ring 
ſhall be parallel, or nearly parallel to the two Parts of the Rope; becauſe 
then the Rope will in a manner be jamm'd in it, and not ſlipping through 
it, the whole Force of the Man's Action will be exerted on that part of t 
Rope which is in the Eye, which will make it break more eaſily than if 
more Parts of the Rope were acted upon. So that the Eye, tho* made 
round and ſmooth, may be ſaid in ſome meaſure to cut the Rope. And it 
is after this manner that one may break a Whip-cord, nay, a ſmall 
Jack-line with one's Hand without hurting it; only by bringing one 
part of the Rope to cut the other; that is, placing it ſo round one's left 
Hand, that by a ſudden Jerk, the whole Force exerted ſhall a& upon one | | 
Point of the Rope. See the 11th. Figure of Plate 20 +, where the Cord, + pl. 20. F. 11. 
to be broken at the Point L in the left Hand, is mark'd according to its 
Courſe, by the Letters R SL MNO PQ, folding once about the right 
Hand, then going under the Thumb into the middle of the left Hand; 
where croſſing under another Part, it is brought back under the Thumb 
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#PI. 19. F. 7. 


again to M, then round the back of the Hand to N, fo thro' the Loop at 1 
(a) The five Maſeles that bend the Legs the 8 of the Jehium, turni into a round i 
are theſe: 1, The Longifimus, or Faſcialis, a- Tendon under the Ham, and inſerted alſo into .. 


_ riſing from the inner Knob of the Os Mum, 
and a little above the Knee ending in a Ten- 
don; which is inſerted under the Knee, into 
the fore and inner Side of the Tibia. 2. The 
Gracitis ſpringing from the jointing of the Os 
Pubis, and inferted by a firong Tendon a lit- 
tle lower than the former, in the inner Side of 
the Tibia. 3. The Seminervg/us, ariſing from 
1 5 


the inner Side of the Tilia towards the back- 


fide, running as far as its Middle. 4. The 
Semimembranoſus, proceeding from the ſame 
Knob, and ending by a broader Tendon than 
the third, in the binder Patt of the Tibia. 5. 
The fifth is call'd Biceps, likewiſe beginning 
at the Iſchium, and at laſt inſerted into the 
outer Side of the upper Appendix of the Fibula. 
n EY | 
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 Annetat. L to O, and three times round the little Finger at P and Q; which laſt is 
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only that the Loop NO may not give way. Before the Hands are jerk'd 
from one another, the left Hand muſt be ſhut, but the Thumb muſt be 
held looſe, left preffing againſt the Fore- finger it ſhould hinder the Part 
'T:L. of: the Rope from carrying the Force fully to the Point L; but the 


lirtle Finger, and that next to it, muſt be held hard, to keep the Loop 
— p 094046 ĩ £15 tes „ ION ah 1 


The making uſe of the Muſcles that extend the Legs for lifting great 


Weights is no uncommon Practice among ſome of our working Men, tho! 


it is not obſerv'd, becauſe it is done without an Apparatus. We fee Hack- 


ney Coach · men often get out of their Boxes, and with their Rumps eaſily 
lift up the Coach behind to make way for one another, or to avoid ſome 


great Rub, or ſome Hole, or any other Inconveniency ; and this they 
do with ſo much eaſe, that if they have four Perſons in the Coach, and 


three or four Trunks behind, they never think it worth while' to deſire 
any Perſon to get our, or to take off any of the Weight. The Coal 


Porters at the Cuftom- Houſe Key (commonly. calld Fellowſhip Porters) carry 
one hundred and three quarters Weight of Coals, running all the Way, 
tho? at every Turn they go up two Ladders, and often the length of St. 


Dunſtan's Hill, which is a Street pretty ſteep and ill pav'd, and perhaps 


climb up a Stair- caſe or two before they ſhoot their Coals: and this moſt 
of them will do above ſixty times a Day. But their manner of doing it, 
is to ſtoop ſo as to let the Sack bear chiefly on their Rumps, holding one 
Hand behind them to keep together the Mouth of the'Sack, that they may 


with more Expedition ſhoot out their Coals, whilſt their other Hand ſecures 


the Sack from ſlipping down from above; and this Poſture very much eaſes 
the Action of the Muſcles of the Loins, the Extenſors of the Legs being 
then chiefly concern dd. | VVV 
Since | began to write this, I have been credibly inform'd that the Porters 
in Turkey carry ſeven or eight, nay ſometimes nine hundred Weight upon 
the lower End of their Back, or rather their Rump, only reſting on a Stick 
before them, whilſt they receive their Loads, to ſupport their Body and fave 
the Muſcles of their Loins; but we may. eaſily gueſs that other Perſons 
muſt be very careful in putting on and taking off the Burthen. ' © 


I believe the Strength of the Teftado made by the Roman Soldiers when ; 


they ſtood cloſe together with their Shields over their Heads, muſt be ow- 
ing to ſome ſuch ſort of Poſture of the Body: Otherwiſe they could never 


have been able to bear the Weight of - Chariots driving over them, as 


ſome Hiſtorians have inform'd us. In that Caſe. every, Man, except thoſe 
of the firſt Row (a), cover'd the Man who ſtood before with his Shield 
at the ſame Time bearing upon his Rump that ſtood before him: and when 
| | Wh e - i oy 

(a) Thoſe of the firſt Row held their Shields bore onthe Shoulders of the firſt as 8 


inelin'd before them as they ſtoop'd. Sometimes and cover'd them with their Shields, Sc. 


the firſt Row kneel'd, and the ſecond Row | 
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they ſtood againſt. any Shock, their Muſcles had no other Labour but to Annorat, 


keep their Knees ſtiff; " hy bony Arch already deſcrib'd F being ſufficient ro Lett. IV. 


ſupport a much greater Weight. 

There are ſeveral Caſes, wherein it would be of ſingular uſe to a ply the 
Force of one or more Men, by means of the Girdle and Hook 2 Chain, 
in the manner above mentioned; as for example, when the Reſiſtance is 
very great, but the Bodies that reſiſt are to be remov'd but a little Way: 
If we lift very heavy Goods a ſmall Height, to remove any Thing from 
under them; if we would draw a Bolt or Staple, and find we can't do it 
even with an Iron Crow, the Hand pulling it upwards at the End, then the 
Hook. of the Girdle being applied at the E 
erted by ſtretching the Legs would be ten fold of what the Hands were able 
to do, without more help at the ſame Place. 

1 may alſo be many Occaſions on board a Ship. Vil inflazcy but 

Let FG“ be the Tackle for railing or lowering the Main-top-Maſt, 

_ of which is repreſented by m1, m 2; the Block G is fix'd below, 
and as the Block F comes down, it pulls along with it the top Rope FBC, 
m 1 running over the Block B (fix'd at A) and round the Block C in che 
Heel of the Top- maſt, ſo as to draw up the lower End 1 of the ſaid 
Main top- maſt, which when hoiſted up to its due Height, is made faſt by 
the Iron Pin or Fidd I, which is thruſt thro” it, and then its own Weight 
and the Hole Þ of the Cap will keep it in its Place. We'll ſuppoſe that 
the Force requir'd thus to raiſe the Maſt muſt be that of fix Men pulling 
upon Deck at the fall of the Tackle, that is, at the running Rope FGK ar 
K on the other Side of the Main-maſt L I. Now in order to let down this 
Maſt on the ſudden, as in caſe of bard Weather, it is neceflary the ſame 
Tackle and Power muſt be made uſe of, tho? it be but to lift it a very 
little Way, that a Man may be able to get out the Fidd I, before the ſaid 
Maſt can be let down and flip to N on the Side of the Main-maſt. I fay, 
that if the Hand are ſo employ'd otherwiſe, that inſtead of ſix Men there 


ff. 3 Fo. | 


nd of the Crow, the Force ex- 


n. F. . 


be only one Man at the Rope K; if he bas a ſtrong Girdle to which he 


faſtens it (or makes a Bow in the Rope itſelf, to fix it round the lower Part 
of his Back, Sc.) he may exert much more Force in the Direction GK 
than the fix Men in the common way of pulling ; and if he draws to him 
(fitting. on the Ground, and puſhing his Feet againſt the firſt firm Obſtacle 
that he finds, as againft OP) only two Inches of the Rope GK, he will 
raiſe up the Main-top-maſt the third Part of an Inch, which wy be ſuffi- 
cient for the Iron Fidd I to be drawn out. | 


N. B. If more Fore ſrould- be requir'd for this e e as in . 
Ships, ſeveral Men at once might make uſe of Ropes about their Middles 
inſtead of Girdles, and faſten them all to different Parts of the Fall of 
the Tackle; and for fix'd Points they might ſet their Feet againſt the 
wooden Steps of a Stern Ladder taken down and lying on the Deck, 
faſten'd at one End to one of the Ring- Bolts: For tho“ in this caſe each 


Man could not app) fo much Force as the ſingle Man before ſuppos'd, 
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Pull vill be ſomething oblique ; yet Joe Men, bu this caſe,” wil very 
40 do the Work of F. * 


. rage 263 n. whole 55 whercy Man ow, e _— 


given a franfarion in my Notes, be.] ; 


'To illuſtrate 55 8 what e aid in hs be hon, 1 ſhalt heh 


5 give Part of Monſ. De la Hire's Memoire given in to the Royal Academy of 
Sciences, in the Year 1699, entitled, An Examination of the Force of Men 


to move Weights, whether by lifting, carrying, or drawing ; conſider' d as well 


abſolutely as when compar'd with that of other Animals which carry and draw, 
as Horſes, &c. In which all his Reaſoning is juſt, tho*, ſome of his Data 


being wrong, lead us allo to a wrong Concluſion ; | but 1 ſhall fer all right 


by my Obſervations upon it. 


e ] ſuppoſe firſt that a Man of a middle Stature, who is pretty firong, 
«© weighs 140 lib. of our Weight. (“) I conſider firſt, that ſuch a Man ag 
„ have ſuppos'd, having both Knees on the Ground, can riſe bearing only 
on his Toes, ſtill keeping his Knees together; and as this Action is 
* form'd by means of the Muſcles of the Legs and "Thighs, it is vided nt 


% by the Suppoſition 1 made of his Weight, that the Muſcles of the Legs 


de and Thighs have a ſufficient Force to raiſe 140 lib. (a 
But a Man bending a little in the Hams can raiſe himſelf up though 
« loaded with a Weight of 150 lib. together with the Weight of his Body, 


„ which he raiſes at the ſame Time (5); ſo that the Force of the Muſcles 
of the Legs and Thighs can raiſe a Weight of 290 lib. that is 150 lib. 
„ the Burthen carried, and 140 lib. the Weight of the Body when the Riſe 


« is but 2 or 3 Inches. 

Such a Man, as we have pp d and ſhall olakong ſuppoſe hos. can 
« alſo lift from the Ground a Weight of 100 lib. plac'd between his Legs, 
« taking hold of it with his Hands as with two Hooks, and raifing him- 
ee ſelf up. (c) Whence it follows that the Muſcles of the Loins alone have 
« Force enough to raile 170 lib. namely, the 100 lib. of the Weight, and 
« 70 lib. half the Weight of the Man; becauſe he is to raiſe not only the 
« 100 lib. Weight, but alſo the whole upper Part of his Body above the 
4 Middle, becauſe we have ſuppoſed him to ſtoop to take up the Weight. 

* As for the Strength of the Arms for LO or hfring a Weight, one 
« may ſuppoſe it of 160 lib. which depends upon the Mulcles of the Shoul- 
te ders and Arms, For if a Man with both Hands takes hold of ſome 
c fix'd Body placed he his Head, he may eaſily by the Strength 


„of his Arms alone, draw up his Body, and even 20 hb, more, juſt as if 


& he was burthen'd with a Weight of 20 lib. It is — to make the Experi- 


« ment; for if a Weight of 160 lib. be faſtened to a Rope and thrown 
over a Pulley, and a Man who 585 8 140 lib. . at the other End 


6 of 


(*) The French lib, is betwixt one 11th and one 1 ach Part be than out Pound Averdupeids. 


e as they all muſt fit a little on ons Side of the Rape G K, 1 
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„of the Rope, it is plain that he will never be able to raiſe the 160 lib. Annotat. 
Weight; the utmoſt he can do, being only to hang with all the Weight Le&. IV. 
« of his Body by the Rope: for the Weight at the other end being greater _} 
« than the Weight of the Man, will keep him ſuſpended ; the 3 being | = 

„ only a continued Balance with equal Arms: but if the Man has faſtened . + 
* to him a Weight of 20 lib. then he will make an AZquilibriam with the | | 
« Weight on the other Side; and if ever fo little be added to the 20 ſib. 
« Weight, he will raiſe the oppoſite Weight, the Muſcles of his Shoulders +. + 

and Arms being of ſufficient Force to ſuſtain the whole aggregate | "ll 
AE a, 0 gs ren . 5 . ; 

" Tho the Muſcles of each part of the Body can exert great Forces . 
te to raife Weights, the Force of a Man is not to be reckbe'd as the Sum 
« of the different Forces of all his Muſcles taken together, even. tho” the 
© Spirits which ſwell the Muſcles, and by . ſhortening them draw the Ten- 
« dons at their Ends, could as eaſily be diſtributed to all the Parts as to any 
« one particular Part, becauſe each Part commonly ſerves to ſupport that 
« which is immediately next to it. As for Example; the Mulcles of the 
« Arms and Shoulders by their Contraction can fit a Weight of 160 lib. 

but if the Body be inclin'd, the Arms will not be able to fuſtain that 
« Weight, unleſs the Muſcles of the Loins are at the fame time ſtrong 
« enough to ſuſtain the upper part of the Body, together with the Weight 
> which it is loaded with; and if the Hams were allo bent, then the Muſ- 

s cles of the Legs and Thighs muſt till exert a greater Strength, becauſe 

( they muſt ſuſtain the Weight of 160 lib. and alſo at the ſame time the 

« whole Weight of the Body. Whence it happens, that in this Diſpoſi- 

tion of the whole Body, the Force is difttibuted by the Diſtribution of 

«* the Spirits into all the Parts; for which reaſon a Man will not be able to 

<* raiſe 160 Ib. from the Ground. | „0 | 

Not but there are Men, whoſe Spirits flow fo abundantly and fo ſwift- 

= ly into their Muſcles, that they exert three or four times more Strength 

' « than others do; and this feems to me to be the natural Reaſon of the 
« furprizing Strength that we fee in ſome Men, who carry and raiſe Weights 
© which two or three ordinary Men can hardly ſuſtain, tho? thefe Men be 
e ſometimes but of a moderate Stature, and rather appear weak than 
* ſtrong. There was a Man in this Country a little while ago, who wou'd 
e carry a very large Anvil, and of whom were reported ſeveral wonderful 

_ « Feats of Strength : but I faw another at Venice, who was but a Lad, and | 5 \ 
did not feeth able to carry above 40 or 50 lib. with all poſſible Ad- | 
s vantages ; yet this young Fellow ſtanding upon a Table, raiſed from the 
« Earch and fuſtained off of the Ground an Afs, by means of a broad Gitt, 

* -which aing under the Creature's Belly, was hung on to two Hooks that 
ee were faſten d to a Plat of ſmall Cords, coming down in Treſſes from the 

+ Hair on each fide the Lad's Head, which were in no great Quantity. 

And all this great Force depended only upon the Muſcles. of the Shoul- 

ders and thofe of the Loins (4); for he ſtoop'd at firſt whilſt the Hooks 

were faſten'd to the Girt, and then raiſed himfelf, and lifted vp * Aſs 
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Annotat. from the Ground, bearing with his Hands upon his Knees. . He rais'd 


| Lec. IV. 
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not be great, to make the Centre deſcribe it; becauſe then it pu 


alſo in the ſame manner other Weights that ſeem'd heavier, and uſed: ta | 


ſay he did it with more eaſe, becauſe the Aſs kick'd and ſtruggled when 
firſt lifted off of the Ground. (e) 3 . 


N # - 


+ Now to examine the Force of a Man to carry a Burthen upon his Shoul- 


ders: 1 ſay that Weight may be of 150 lib, and a Man may walk with 


that Load caſily enough upon an horizontal Plane, provided he does not 
take great #4 oh; but he can by no means go up a Mountain or a Stair-, 
caſe with the ſame Weight. For the Action of walking, when we bear a 


Burthen, muſt be conſider'd as the circular Motion of C, the common 


Center of Gravity of the Body and the Weight together about the Foot F, 


that advances as the Center of the Arc of Motion, the Effort of the 


Muſcles of the other Leg which act againſt. the fix'd Point D, ſerving 
only to drive the Center of Gravity. forward; and if the Arc CE, 
which that Center deſcribes, be ſmall, the Effort of the hind Leg need. 

es up. 
the Weight of the Body, and the Burthen only the Height of AB — 
vers'd Sine of half the Arc, which is inconſiderable in this Caſe in re- 
ſpect to the whole Arc, which is the Length that the Burthen advances. 
So that a Man carrying a Burthen, can walk ſo much the eaſier as his. 
Steps are ſhorter, becauſe the vers'd Sine will be ſo much the leſs; for if he 


* ſhou'd take large Steps, the hind-Leg maſt puſh up the Body and Burthen 


the Height of the vers'd Sine of ſo much a greater Arc as the Steps are 
greater; that is, the vers'd Sine of the Arc which meaſures half the 


- 


Diſtance that the Burthen advances forward. - 


II is alſo plain, that a Man thus loaded can by no means go up a Stairs 


caſe, or a very ſteep Hill with that Burthen; becauſe according to what 


we have already explained, the Action of the Muſcles of the Legs being 
only able to raiſe a Weight of 150 lib. to the Height of two or three 


Inches, he wou'd not be able to raiſe it five Inches, which is the Height of 


common Stairs or Steps, (F) nor go up a Mountain, unleſs he took ſuch 
ſhort ſteps as to riſe only two or three Inches perpendicularly every time. 


What remains now is to conſider the Force of a Man for drawing or 


thruſting horizontally. (g) But to make this the more clear and intelligi- 


ble, I ſhall conſider that Force as apply'd to the Handle of a Roller or 


Windlaſs whoſe Axle is horizontal, on which Axle the Rope which ſu- 


ſtains the Weight winds up, ſuppoſing the Diſtance from the Center of the. 


Roller to the Elbow of the Handle to be equal to the half Diameter of 
the Roller, that the Force applied may be eſtimated without any Aug- 
mentation on account of the Machine; neither do I conſider here the. 


Friction of the Pivot, or Difficulty. of folding the Rope. 


« Firſt then, it is plain, that if the Elbow of the Handle be in an hori- 
zontal Situation, and about the Height of a Man's Knees, a Man that lifts 
it by drawing up, may exert a Force capable of raiſing 150 lib. hanging 
at the end of the Rope if he takes all poſſible Advantages, according to. 
what I have already explain'd. But if he is to depreſs the Handle, his 
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Strength for that purpoſe cannot be more than equal to 140 lb. which Annotat. 
« (as has been ſuppoſed) is the Weight of his Body; for he can lay on no Lect. 


6. 


Iv"; 


more Weight, than that, except he was loaded with ſome Weight, and 


then the Effect might be ſo much greater. Es; 1 
« Secondly, If the Elbow of the Handle be plac'd vertically, and 


it be at 


the ſame Height as a Man's Shoulders, it is certain that a Man can exert 


no Force to cauſe it to turn, by puſhing or drawing with his Hands, if 
both Feet being ſer together the Body be upright,” as repreſented in “ Fig. Pl. 20. F. 13. 


(6 


13. by the Line A P, the Line A M repreſenting the Line of the Arms 
being horizontal, and making a Right Angle with AP; becauſe in that 
Poſition, neither the Force of the whole Body, nor of any part of it, nor 
its Weight, can exert any Force for drawing or puſhing ; which is known 
by Mechanicks : for I look upon the Breadth taken up by the Feet but 
as a Point at P. But if the Handle be higher or lower than the Level of 
the Shoulders, then the Line A M, which goes from the Shoulders to 
the Hands, and the Line AP going from the Shoulders to the Feet, 
will make an obtuſe or an acute Angle, and then a Man may exert ſome 
Force for drawing or puſhing the Handle; but that Force depends 
only upon the Weight of the Bound as may be eaſily perceiv'd and de- 


monſtrated; and that Weight or Force muſt be conſider'd as collected 


in one Point, which is the Center of Gravity of the Body, and about 
the Height of the Navel: I ſay, we muſt have regard only to the Weight 
of the Body, in order to determine the ÆAgquilibrium; for the Action of 
the Muſcles of the Legs and Thighs ſerves only to preſerve that AÆguili- 


brium as we walk, © | POR DOS IEAD1 ; . 
Let the Handle in Fig. 2. be placed at D the fame height as the Pl. 21. F. 2. 


Shoulders A, and the Center of Gravity of the Body be at C, the Body 
being very much inclin'd towards the Handle; but the End of the Feet 


muſt be at P. Firſt, We muſt conſider that Point P as the Fulcrum or 


Center of Motion of a Leaver or ſtrait Rod PC H, which going thro? 
G, the Center of Gravity of the whole Body, meets the Line of the 
Arms M A at the Point H. Secondly, We mult conſider the Point C of 


the Leaver loaded with the whole Weight of the Body equal to 140 lib. 


which Weight endeavours to deſcend perpendicularly according to its 


natural Direction, the end H of the Leaver being ſuſtain'd in the horizon- 
tal Direction MAH; whence it will be eaſy to determine by mechanical 


Principles, what Effect the Weight of the Body at C, acting in its 
natural Direction, can have l on the Handle according to the horizontal 


Direction li DVD. 


o_ 


e For, ;farſt;; let us ſuppoſe P Il to be divided ict 140 Putz of which 


P C contains 80. Now fince the Weight of the whole Body acting at 
C is but 140 lib. when apply'd at H it will act but with the Force of 80 
lib. juſt as if a Weight of 80 lib. was to be ſuſpended at that Point, and 
act in its natural Direction; which, according to what we have ſuppoſed, 
muſt be perpendicular to M A. If therefore from the Center of Mo- 


tion P, the; Sine P F be drawn perpenditular to M AF, the 


Weight 
„ of 
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of 30 lib. at H, acting in its natural Direction: will be to the Action f 
che ſame Weight upon the Handle according to the horizontal Direction 


— „% MAH :: in the Ratio of PF to HF. And this does very much diminiſh 


the Action of the 80 lib. in a moderate Inclination of the Body A Ch. 
And if we ſuppoſe for Example, that the Line PC H makes an Angle 


PH F of 70 Degrees with the Line M A F, the Line of the Body AC B 


* will then be inclined. to the Horizon in an Angle of more than 60 


Degrees, which is the greateſt Inelination of Body with 1118. a Man can 


pl. 21. F. 3. 


* N forwards like the Gondoliers at Venice, who work in that manner, 


10 walk, Thea pA 
The Sine of 50 Degrers, which 3 Nr 
Will be to canon of its N which is nr. 
a ff BA DBt - 

| - vo 5, T'0/4» nearly: 
« Aad conſequently the Action Yo the 80 lib. N to 20 at © ore: 
ing to the natural Direction, will be to the Action exerted in the hori- 
* zontal. Direction, but ay 80 to its third, which is. e leſs than 
80 lib. 
« Thoke who have not made the Experiment of puſhing hitiecally with 
the Arms, or drawing a Rope hopizontally as a Man walks with the Body 
4 inclin'd forward, whether the Rope be faſten'd towards the Shoulders or 
* towards the middle of the Body, (for the Effect will not differ, provided 
„the Inclination of the Body is the ſame ; becauſe the Sine of Inclination 


and its Complement are always in the ſame Ratio) can hardly be perſuaded 


that the whole Force of a Man is reduc'd to fo little in pant horizon- 
« tally, as not to exceed 27 lib. | 

Not but that a Man may lean or inclinehis Body P as to ſuſtain a much 
© greater Weight than 25 lib. for if the Line PH ſhould make an Angle of 
„45 Degrees with HF, it is certain that the Weight of the Body would 
0 ſuſtain 80 lib. But as he muſt then have his Body in the Poſition of the 
„ Line A B, much more inclin'd to the Horizon than 45 Degrees, he would 
be ſo far from being able to walk, that be would not be able to ſtand in 
«* ſuch a Poſtute. 

The ſame Demonſtration may alſo ſerve to ſhew tliat a Man has much 
* more Force to draw if he goes backwards than in going forwards. For 
e jn ſuch a Situation of the Body, the Line PC H, * Fig. 3. which goes 
from the Feet at P, thro' the Center of Gravity C, and on which the 
&« Increaſe of Force depends, will always be much more inclin'd to the 
« Horizon than the Line of the Body A CB, quite contrary to what it was 
« in the farmer Poſition. But then this way of drawing cannot be put in 
„practice, except for pulling a Rope, when a Man continues in the ſame 
% Place; otherwiſe we ſhould naturally come into that Poſture: for Na- 
« ture and Experience have taught us to take all poſſible Advantages in 
„ common Operations. 

«« For the ſame Reaſon, Sh and thoſe that row at Sea always pull 
„their Qars backwards; for that way they can exert more Force than in 


„% for 


the Tranſlation of the reſt of Maſe a ls Ur 


* at Elbe. 


1 3 Reafon * to Wo welt 1 before them, which is ces wag. 3 


to them than exerting a great Force, by reaſon of the many ſhore Turns Lect. IV. 
they muſt wake i in e n. and the Care they. muſt take to avoid one 


„ another.“ 
What remains is to compare the Foroe of Men with that of Horſes for 
drawing, {c. but having conſider'd that in my Lecture, I need not give 
68 


nn 5 __ proceed to 
make my Obſervations upon it. 


(a) The Muſcles of he Legs _ Thighs. are © med rage Sad M. De la 
Hire ſuppoſes, as appears by what has been ſaid concerning the Feats of Strength; 
and the Aftion of riſing backward from one's Knees is very. ſhort af ibe utmoſt 
that a Man can do in that Poſture.: For Man may carry Jome conſiderable 
Weight, and yet riſe from his. Knees, ibo the Arc Ae by the Center of 
Gravity be then an Arc of a good many Degrees. 

(bj Jt is uſual in London for Men to raiſe en elner: 17 with, tad! carry 


259 lib. which is almoſt as much more as M. De la Hire has ſupposd ; therefore 


all the Conſequences drawn from this Suppeſition muiſt fall ſport. 


(c) Working Men generally lift 150 lib. with their Hands, and ſome 2 200 lib. 


but bert the Exceſs of the Foree of the Muſcles of the Loins is not ſo much 
greater than M. De la Hire's: poll, 4s the Exceſs een Gree) of the 
Muſcles of the Legs. 

(d) What be — bare 40 the Maſcles of the Lains was really erf 
by the Extenſors of the Legs; fer the young Man's ſtocping with bis Hands 


upon his Knees was not with bis Body forwards and bis Knees fliff, but bis 
Boch upright and bis Knees bent, ſo as to bring the te Cords with whith be” 


lifted to be in the ſame Plane with bis Ankles and the Heads of bis Thigb- 


Bones; by which means the Line of Direction of the Man and the whole Weight © 
came between the ſtrongeſt Part of his two Feet, which are the Supports: Then 

as be extended his Legs he rais'd himſelf without changing the Line of Direc- 
tion. That this muſt have been the manner I am pretty well aſſured. of, by not 
only obſerving thoſe that perform ſuch Feats, but having often /try'd\.it myſelf. 


As for the Muſcles of the Loins, they are inc of that Strain, being above 
fix times weaker than the Extenſors of the Tege, at * 1 found n ſo in 


myſelf. | 
About the Year 1716, baving the Maler- 'of ſhewing a great — Experi- | 


ments to his late Majeſty King GERO R Or the Firſt, bis Majeſty was defirous. 
to know, whether there was any Fallacy in thoſe Feats of Strength that bad 


been ſhewn half .a Year _ by a Man, who; ſeemed by his Make to be no 
| fironger than .other Men : Upon this I had a Frame of Wood made to ftand in 
(uch as is repreſented by the ay of Plate 20.) and with a Girdle and Pl. 20. F. 2. 


Chain lifted an Iron Cylinder made uſe of to roll the Garden, ſuſtaining it eaſily 


ry once it was up. Some Noblemen and Gentlemen who were preſent, try'd 
the 


ſome with more Difficulty than I bad dene. - This Roller weighed 1900 lib. as 


the Gardener tald us. Afterwards I try'd 1 * with WI (vi. 


„ Po | two 


afterwards, and lifted the Roller; ſome with more Eaſe, and 


. 


feu and cannot but be true ma Man okay 140 lib. 


a two Pails WY 150 2 of oe ny in rand * which: 7 did indeed aj FR 
Lect IV. the Ground, but frain d my Back fo' as to feel it three or four Days; which 
cus that, in- the fame Perſon, the Mufeles of the Loins (which exerted their 


Force in this laſt Experiment) are more than fix times weaker than the her! 
of the Legs; for 1 felt na Inconveniency-ſrom raiſing the Iron Roller. 

(e) The Reaſon why the Aſs kicking and moving made bis Weight more into. | 
venient than a beavier Burthen, was, that by ſuch a Motion the Line of Direc- 
tion vacillated, and as it went forwards and bactwards, the Muſcles of the 


Loins were ford to aft to bring it into its Place again. 


(f) That'M. de la Hire has iaken the Strength of the Muſcles that extend the 
1 and ſtreteb the Foot, too little, appears fro! the Practice of all thoſe that 
carry Grain in Sacks and Meal, abo eafily. go up Stairs with 200, and often 
above 250 lib; \ Weight, and the Men who curry Coals from Carts into Houſes, 


go up Stairs with 250 Weight. T "hey can' * u 8 'gown nn with 22 Heer 
4 Weight as they can go up. 


(g) All that follows in this Diſſertation Werra a Mas s ier or drawing 
may be depended upon; becanſe it is mathematically deduc d «gens af Jup- 


15 


[Page 2 55. . hor muſt be a ſufficient Pelotity x given; r If Wen 
ſhould be no greater Velocity given to the Hand which is to turn the Winch, 
than I have ſuppos'd, there could not be Motion enough communicated from 
the advantageous to the diſadvantageous Part of the Revolution, as would 
enable a Man to raiſe 30 lib. with the ſame Velocity as the Hand mov'd: 
Therefore we muſt fo contrive Matters as to increafe the Velocity of the 
Hand moving, at leaſt one ſixth Part; but then we muſt lay only 25 lib. 
upon the Hand moving ſo much the ſwifter, which yet will perform as much 
Work in a Day as if the other Way had been practicable. Nay, in a great 
many Caſes it will not be amiſs to give the Hand one third more Velocity, 
and load it but with 20 lib. eſpecially if a Fly be made uſe of; and the big- 
ger the Circle is which the Fly deſcribes," the better will the Force be diſtri- 
buted. This Work thus perform'd may W het aoioge ten "FO? ® "Days 
and very little 8 the deen 8 | 25 5 
| | RS 0 
10. 7 2 66. Daily 8 76 aß Londen . .J. At ih | 
Cnſtom- Houje Key, and at feveral Wharfs, one may obſerve what great Loads 
are carry'd by Porters employ'd to carry Goods to and from the Veſſels on 


the Water; ſuch indeed are the Loads which ſome carry, that an Horſe 


would ſoon be kill'd by carrying the ſame Weight. - They that work for 


the Cheeſemongers at ſo much per Ton, ne carry 300 "TI of Re. 
at every | hack and work all Day SON OR 


11. [Page 257. = the Horſes frong, &c. j If too > great a Lond: be Jaid 
upon an Horſe's Back there is danger of breaking it; which is the Reaſon 
that People do not generally lay on very great Loads. The Fell. 50 
and Skinners are ſaid to load their 1 more than any other People; bu 


2 ute 


. be. comment LE ©. ei Zoos 


>. 


5 


# 


they. 15 ſeveral Skins and Hides: over ka Horſes ee, and nl that Wa | 
the Back may nõt be too much ſtrain'di: : Lam inform'd that they put on Lect. IV. 
ſometimes 4 or 300 Weight; but then the Horſes go extremely flow. The — 
moſt. that can be done with an Horſe is to make him draw: And thoſe 

Horſes that do moſt Work ate ſuch as draw great Loads in Carts on very | 
high Wheels (the Horſes themſelves being very tall) up St. Dunſtan's Hill 


in che Eaſt, where a Carter does ſometimes lay on 2000 lib. Weight, and 


makes one Horſe draw it up the Hill; but at every difficult Place, the Man 
ſets his Shoulder to the Cart in ſuch a manner, as conſiderably r help the 
Horſe, who would be unable to draw up the Load without that Help: And 
ſo ſenſible is the Horſe of it, that he does not exert n bu eee eilt 
he hads that his Maſter: Helps: him. If | 

M | ie N 


1 . in th z5th Note t to Lid. 11. to Ga SER of. Mr. Alles 8 


Carriages at Bath, and having juſt receiv'd an Account from à Friend well 
ſkill'd in Mechanicks and Drawing who. took the Meaſures and Draughts 


upon the Place, think proper to communicate it here, 's as FRAY haben 'd 
the en of nen this Lecture. e $5157 ER 


A D ESCRIPTION of the Connierit 3 uſe of by Ralph Allen, Pra 
catiry Stone from his Quarries, ſituated on ihe Top of 4 Hill, lo the Water 
fide of the River ane e the Lm ef Bath. By 0 HAR LES'D £ 
Las 2 Lx E. 5 * ain A 
Theſe: FO neu are at t the Diſtance of a Mile anda | half W the: River, . 
and about goo Feet above the Level of its Surface, which makes a Slope ſo 
ſteep, that the ſmall Price the Stone is ſold at, would hardly defray the 
Charges of bringing it down without ſome. bee Contrivance, ſuch as the 
following, which is a great Improvement on ſome ene and N 
Ways made. ae at dhe Coal Mines near ene os 


1. Fig. me Plate 2 21. 8 8 4 in Perſpectve, as 180 *PL 21. F. 4. 
from a Diſtance of 12 Feet from the left of the Fore· wheels, the Height of 
the Eye being about 6 Feet. The Geometrical Plan was laid down from a 
Scale of 20 to an Inch; that is, every 20th. of an lach, anſwers ro one- Inch 
of the Machine, 15 OE 
2. Miga 66 e repreſeats the Elevation of one we the Sides of this Carriage, * 11 21, b. 5. 
when both the Fore-wheel and Hind- wheel of chat Side are lock'd from a 
Scale of 20 to an Inch. | 5 

3. Fig. the 6th. Þ —— the . of the hind Fart of the Cas + Pl. 21. . F. 6. 
riages, with all the Iron · work employ'd in the locking of the Wheels, and 
it ſhews alſo the Profil of the Wheels, and Axle- tree, together with the 
Sections of the Side - planks and of the Frame on which it beef from 1 
Scale of 10 to an Inch. . 

4. From the Conſideration of theſe * Figures, it will appear appear, chat 
this N an 7 a 1 Floor of (Ocken en ods and —— | 

ö 0 2 13 s . 


| 5, and. 6, 


Ad half Feet wide, and about 1 3 Feet "ings firengihenta above by- EF Riby 
| Let. IV. to defend it from the Stones that lie upon it, and-fix*'d upon four Beams of 


the ſame Wood, about four Inches ſquare and 14 Feet long. 


5. At fix Inches from- the Ends are fix'd the Fore- be: and Back fide 
ſtrongly faſten'd to the Beams, _ to the Floor, 7 2 ſeveral Screws and 


1p. 21. F. 4, Nuts, See Fig. 4, and 6. +. 


and 6. 6. To theſe two En, Sr ng Geenen requires, may he falten d two 


Sides made of Planks 13 Feet long, which fit into the Side of the outward 

Beams by means of Hooks and Rings, and are kept up by means of Zatches, 

1Pl. 21. F. 4, to be ſeen in Fig. 4, 8, 6 f. Theſe Sides are ald further Wenne by: g 

Chain going acroſs in the Middle of the Carriage. 

- 7. At right Angles under theſe Beams, at a proper Diftance (fee Fi ig. 5. ) 
are faſten'd two ſtrong Timbers, by means of large Screws and Nuts. 

8. In theſe Timbers well. ſtrengthen'd and plated with Iron, where the 
gteat Streſs lies, are placed two ſemicylindrical Pieces of Braſs at each End, 
to ſerve as a Collar for the Axle: trees of the Wheels, which being well 
greaſed, turn with very little Friction. g 

9. There is likewiſe under theſe four Beams (already mention'd) another 
Piece of Timber of about 6 Inches by 4 well faſten'd to os at rae Re. 
and at ſuch a Diſtanee, as is feen in Fig. 

This Piece ſerves as a fixed Point to place a Leaver, which b locks (or keeps 
from turning) the Hind- wheel, by preſſing upon it. 

4 pl. 22. F. 1, 10; The Axle- tree is about three Inches Diameter. See + Plate 22. Fig. 

and 2. 1. One of its Ends is ſquare, the other round; and on theſe two Ends, the 
Wheels are plac'd in an alternate Poſition; that is, the right handed Fore- 
wheel is on a Square, and the left on a round Part of the Axle- tree, whilſt 
the right-handed Hind-wheel is on a round End, and the left on a ſquare 
End of the Axle; tres; thereby any one of the Wheels may be lock d ſepa- 
rately: for when the Wheel placed on the round End. is lock'd, the other, 
together with the Axle- tree, revolves witkin it; and when the Wheel whieh | 
is faſtened on. the Square is lock d. the other revolves weekend 

uſual upon the Axle- tree, which is then unmoveableQ. | 

11. Theſe: Wheels are made of caſt Iron about 20 Inches Dinivietor, and 
have a Flancb 6 Inches broad next to the Ca rige, which hinders them from 
running off from the Oaken Frame on which they move. Their Plan and 

+PL. 21. * 5- Profil are ſeen in Fig. g. of Plate 21, and Fig. 1. of Plate 22. and their 

& Pl. 22. F. i. gections either thro? 5 Spokes (or Radii) or between any two of them, 
* PI. 22. F. 3. as * Fig. 3d and 4th of Plate 22. 

ands. 12. The manner of locking and unlocking, of the Wheels is as fol. 

lows : When either of the Hind-wheels is ing tock'd, a ſtrong Leaver 

(which they call the Jigg Pole) is placed on that End of the Timber (de. 

lenbed in Paragraph 9.) next to the Wheel. to be lock u; and after it is 

paſſed thro? the Iron Loop to fecure it the better, a Chain coming from 

4PI. 21. E. 5. = Roller to be feen in + Fig. 5, and Fig. 1. of Plate 22. is clapt over the 

& Pl. 22. P. 1. Extremity, and by means of a ſhort Iron Bar and the Ratchet and Click, 


„pl 22. F. 5. ſeen in Ag. 5. and 6. Plate 22. one of the Nriuers or Porſons thar attend 


and 6, the Carriage in a very lit E Time 8 de the Wheel either partly or intisely. 
10 


To oritockefibhieks "is. * lifting up he End of che chat or Catch made Knees 
long on purpoſe - for then the Leaver preffing no longer, the Chain is lack L-& IV. 
en'd, taken off, aad the Jigg Pole laid in the Cart, till another Occaſion —— 
ſerves. They have two Jigg Poles, one for each Hind- wheel. E 
13. The Fore- wheels are lock' d, by means of a thick ſquare Iron Bolt, 
fren | in Fig. 5, of Plate 21. / coming out in the Direction of the Axle-tree, bl. 21. F. 5. 
between the Spokes or Radii of the Fore- wheels. Theſe Bolts, are pro- 
truded forwards to lock the Wheels, and drawn back to unlock them ſe- 
parately, by means of a, Ganteivance, part of which is feen in Fig. 5. of 
PI. 21. and 1ſt of Pl. 22 f. Towards the Middle of the Back ſide are of Uh 1 Pl. 21. F. 5f. 
lion Rods, (ſee one in Fig. 6. Pl. 22.*) turning ſepatately on the Square of 44 3 F. 1. 
an Axle. When either of theſe are brought by the Hand from a vertical PI. 22. F. 6. 
Poſition, in which they are drawn, to an horizontal one, the Iron Rod, of | 
which it takes hold by its lower End, is puſhed forward four or five n 
and by means of the Contrivance in + Fig. 1, 2, 3, 4, of Pt: 23. ſhoots b r Vis 
ſquare Bolt between the Spokes or Radi. 25 3, 4: ; 
When the Wheel muſt be unlock'd, this Bolt dare back. into its for- 
mer Poſition, by bringing the Iron Rod into its former vertical Situation, as 
in Fig, 1. of Pl. 22 F. As theſe Carriages are. loaded with a conſiderable + p1. wa B: +, 
(often with ypwards of four Tons) "Weight of Stone, when: they come 
down the Hill, wn the Contrivances: explain'd above would be: uſelefs, and 
that great Weight would: fink the Carriage too deep into the Ground, with - 
out Pieces of Oak laid all along the Way which: theſe Carriages then paſss : 
over, Theſe are ſufficiently feen in Fig. 4, 5, of Pl. 21.“ and Fig. 1. of Pl. 22. «py, 21. F. 4, 
Altho* theſe Carri:ges are very heavy even when empty, "yet by means 5. and Pl. 22. 
of the Frame, on which they move, and the Hetle Friction the Axle trees Fete. 
feel revolvi pi the Braſs, Collars, two Horſes not only draw them up the 
Hill very calify. when empty, but draw them along on the Plain hen loaded, 
at a very good Rate. As; ſon as che Carriages come to ehe Bray of: the: Him, 
the Horles are taken. of, and one or more of the Whenls lyckd, by the 
Driver, who ſtands behind to moderate the Marian; as be thinks proper. 
When the Carriages, are come te the Water-fide, and bave been unloaded, 
they change the Horles from End to End, ſo that the Part of the Carriage 
wich went before geſcending, becomby the: Hind part in aſcending the Hil, ; 
which ayozds; EA Ab of tyrniog with cheſe Wheels. 15 
_ Theſe Carriages are loaded at the Quarries, and unloaded. at the War 
de, by means of a very good and cyrioully-contrivid Crane, fully ceſerib'd' , 
5 IN FO een ee wg Leck. III. | 
Nn. Pt 3 % 4 94} 61 e 4 TT 


N. 3 #k Regs tn 1 Fan e for 4 full and 45 Sr 
| Carriages; fold me, that and of (hem, when tomp!cacly fi- 
Un 7 1 270 re dy to bo iſed, fands him in upwards of 30 Paunds : 


Which 1 thought proper , mentien as auen reaſunablt Price, conſid n- 
ing ths goed aud Hier maile Manner in which vary TL ing is per- 


N med. 
The 


en. The Nr. Tauche $, Deſcription is yery.imelligible,: 100 bis 3 
Leck. IV. treamly well done, yet, to, make every thing ſtill erg J. 11 1 
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ABCDUNIHFEG. The Body and Bottom 'of- the Cartiige Wikre ha. 
” Sid: s, Which are put on upon occaſion in the Place BDfit, and faſtened 
by means of the Hooks ggg, and the Latches e f. , p 


IIII. The croſs Pieces on the Bottom to Ares den it. e . 85 
MN. Strong Pieces of Timber under the Bottom. 15 et Pome” 
K. A croſs Piece under the Bottom, having an Trot eg at Top to re- 


ceive the End of a Leaver, that preſſes on the Hind: wheel L 25 to ſtop 1 it 


from turning round when the Motion is too rapid. 


L., Lr, L 2{ Three of the four Wheels, the fountt beit out of belt | 
in this Poſition of: the Carriage, whoſe Circumferences have a Flanch * on 


the Infide,-that the other Bart may bear on the Timber or Waggon: way. | 
H. An Tron Roller for the Chain to wind of to hold down, dhe ſtopping 


Leavery as it preſſes on the Hind-wWwͤheel. 


, 04540 , Ge. The Wagzgan- weyl or Hertftel, Timbeft laid 1 2 
Deſcent for the eng pon to run i down by: their © own 8 1 


F 
* . * Fas 


oy £1 
. * ; 1 FA 5 
5 -Y : K-64 ug * 3 mT ns 
N gure 5. : * "> + 26 +3 3 43.4.# IB 45% 3: WOES IE 


BHDB. The leſt Side 4 nid of the "Carriages fix'd by means of the | 


Hooks at 22 £8; and the Latches + f, ſhewn in the fourth Figure. 
L. A Fore- wheel with a round. Hole in the Nave to receiye 2 round End 


| of the Axis that goes thro“ the Piece of Timber P, from another Part of 
which the Bolt p is ſhot between the Spokes to ſtop the' Wheel from turning 


round, when the Motion is to be retarded. * 
Hp. An Iron Rod {puſh'd: dor from bebind to bolt or lock the 


Fore- wheel above mention d. 


IL 2. A Hind-wheel fix d upon, — N wich the Aris coming | 
thro' the Piece of Timber . the: Ty 
that Purpoſe. a 


ich Weis is made ſquare.” for 


PK. A er whoſe End hee ay Hon Eye, on the Timber K, 
having there its Center of Motion, with the Compals- piece q 4, to preſs on 


the upper Part of the Wheel L 2, to ſtop it upon occaſion, from turning 


With the Axis. 


H. A Roller on iel W wound the Chain H R, which pulls Now the 


End of the Leaver at R, and brag od it in its Place, to preſs hard upon the 
Wheel at gg. 


O 2, Or. The Wagg on-way which Gupporis the Kang Part of the Cir- 
| cumference of che Wheel, while the Flanch or large 8 
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jump or run out 8 che W. Mo 


Plate 22. Ege . 
T his Figufe drawn by a larger Scale (viz. of 10 Inches to an Inch) ſhews 
the Elevation of the Hind: aft of one of the Catriages, with the Profit of 
the Wheels, Gc. 


FH GE. The Eüd of! the Carnage behind, bearing upon dl Timbers,' 
whoſe Ends are ſeen here. - 

Fg, eg. The Ends of the Sides hook'd on at g, g. and latch'd at f and e. 

' Hb r4, and Gi. A Roller with its Winch, and Ratchet and Latch, 
to receive the Chain that draws down the Leaver or Jigg pole. ' The Chain 
goes on the Part H, or G, the Holes to turn the Axis of the Roller with an 
Iron Hand ſpike are ſeen at Þ b, the Ratchet at ii, and its Catch at rr. 


3 


[ k, Ik. Two perpendicular Iron Bars, wheſe Tower Ends , ſhoot for- 


ward each an horizontal Bar (not repreſented here, but ſhewn in the laſt 
deſcrib'd Figure at H 2 to dolt 1 of the Fore- wheels fingly, or by. Ir 


at ONCE, 


L'2, Be The Profils of the two Hind: l with their Flanches 
nn, m m, and bearing Parts vnn. #nn; the left Wheel receives the fquare 
End of the Axis Q in a ſquare Hole, ſo as to turn with it, and the right 
Wheel has a round Hole to receive the End of the Axle at P, Which is 
round alſo; ſo that this Wheel can turn round without turning the Axle 
8 Q along with it. 

O 3, O 4. Shews the Section of the: Timbers or Waggon way; where 
may be ſeen the Manner of the Wheels bearing on the Timbers at # n,nn, 
whilſt the Flanches mm," n, come "down to "keep the” Carriage io ite 

lace. -21: 
: Q 1, P. Tbe Gols Timbers Ds he Bottom of Stich the Iron Ales 


of the Carriages paſs, which are fix'd up under the CATE by Pins and 
Nuts here RP" MO by die Lines. | 

II * 
pre * 


* . 2 
A | 4 1 on 


Rege one of che” 
the Linch Pin at each 5 


. 3. 
Shes the Section of the Hind-wheet on the left Side, or the Fore wheel 


on the right Side, with 4 ſquare FOR Q, the Rim of Cirgmicrence of the 
Wheel nu, and the Flayeh mm. 


| ft 1855 * Figure 4 STR. | | 
Shews the! right Wheel behind or jet Wheel before, mark'd with the 


ſame Letters except P, which ſhews' the round Hole to receive the round 
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” Figw ure 3. 
Shews the Chick + 2 and the 1 er i. 
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Plate —_— Figure 8 No 
This kigore repreſents the upper art of the bar 8 the 8 


between the Fore- wheels, thro? the lower Part of , whole Ends the Axle; tree 


paſſes, and in the Subſtance of which is let in the Machinery for ſtopping 

the Fore- Wheels, , where the two Bolts A B and, C. D are ſeen, which may 
be ſeparately, ſhot out to the right or left Hand chro? a ſquare Staple P, or 
Q; and reſting on one of. the croſs Pins ef, E F or G H, g, by means of 
the horizontal Bars IK already deſcrib'd, one of which is to be ſeen in the 
5th Figure of Plate 21, mark'd H p, and the Ends of both of them are 
ſeen in this Figure. The Bolt AB on one Side is repreſented as ſhot out 

between the Spokes of the Wheel, and the other is in its uſual Place, where 
it does not touch the Wheel. N B. Pulling back the Bar LI unbolis B A, 


| 5 means of the Elbow LN B, and ith e ihe tor, K oh W = 


PL a3. F..2. 
pl. . F. 3. 


Pl. 23. F. 4. 


means of the Ejbow M N al 


Figure 25 op TE | | 
The ſecond F "il ſhews .; an End of the 1 or - the Seftion'of the 


Machinery to move the Bolts as cut acroſs one of the Bolts, and at right 


A 4 to the Axis at A, where is ſeen the Hole P, over the Axis, and the 
ric d Lines EF Dunn the Pin or Shalt a ne Screw on e the Bolt 
ides as it comes out of its Staple. = 550 * 


Figure 3. | 

The third Figure repreſents the EN Elbow- Piece, ſuch as BLN, 

or CN M of the laſt Figure, where is ſeen the Center of Motion round 

the Pin N, the End L receiving the protruding End of the horizontal Bar, 

and the End B receives the End of the Bolt to throw it forward as at B. 
Fig. 1. or draw it back as at C, in the ſame Figure. 


Figure 4. 
The fourth Fi igure repreſents the Iron-work. hows the End of: the Tim 
ber at III, with the Holes for the croſs Pins, the Bolt B A and Staple P. 


Before I bein my next Lefure, it may not be improper to give an Account of 
a Man of very great natural Strength, who lives now here in London, and 
Heros ſeveral ſurprizing Effelis of his Strength. 1 ſhould indeed haue given an 
Account of him in the 7th Annotation; but I was unwilling to do it upon cum- 
mon Report, till 1 bad * bim whe, which I only did * nce the laſt Sheet was 
printed off. | Thomas 
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Thomas Topham, born in London, and now about 31 Years of Age, five Annotat. 
Feet ten Inches high, with Muſeles very hard and prominent, was brought Lect. IV. 
up a Carpenter, which Trade he practiſed till within theſe ſix or ſeven Years = 
that he has ſhewed Feats of Strength; but he is intirely ignorant of any At 

to make his Strength appear more ſurprizing: Nay, ſometimes he does 

Things which become more difficult by his diſadvamageous Situation; at- 
tempting and often doing, what he hears other ſtrong Men have done, with- 
out making uſe of the fame Advantages. 5 VV'', 
About ſix Years ago he pulled againſt an Horſe, fitting upon the Ground 
with his Feet againſt two Stumps driven into the Ground, but without the 
Advantages repreſented by the Firſt Figure, Plate 19; for the Horſe pulling 
againſt him drew upwards at a conſiderable. Angle, ſuch as is repreſented in 
the 2d Figure of that Plate, when h N is the Line of Traction, which makes 
the Angle of the Traction to be Nh L: and in this Caſe his Strength was 
no farther employed-than to keep his Legs and Thighs ftrait, ſo as to make 
them act like the long Arm of a bended Leaver, repreſented by L h*, on Pl. 19. F. 2. 
whoſe End h the Trunk of his Body reſted as a Weight, againſt which the 
= Horſe drew, applying his Power at right Angles to the End 7 of the ſhort 

| Arm of the ſaid Leaver, the Center of Motion being at L at the Bottom of 
the Stumps I, o (for to draw obliquely by a Rope faſtened at h is the ſame 
as to dra by an Arm of a Leaver at ! L, becauſe ! Lis a Line drawn per- 
pendicularly from the Center of Motion to the Line of Direction h N) + Ann. s. to 
and the Horſe not being ſtrong enough to raiſe the Man's Weight with ſuch Leck. II. p. 
Diſadvantage, he thought he was in the right Poſture for drawing againſt #7: 
an Horſe; but when in the ſame Poſture he attempted to draw againſt two 
Horſes, he was pulled out of his Place by being lifted up, and had one of 
his Knees ſtruck againſt the Stumps, which ſhattered it ſo, that even to this 
Day, the Patella or Knee-pan is ſo looſe, that the Ligaments of it feem 
either to be broken or quite relaxed, which has taken away moſt of the 
But if he had fat upon ſuch a Frame as is repreſented in the firſt Figure“, pl. 19. F. 1. 
and deſcrib'd in Page 266, 268, and 269, he might (conſidering his 
Strength) have kept his Situation againſt the pulling of four ſtrong Horſes 
without the leaſt Inconvenience. NT 


hs The Feats ] which I ſaw. him perform a few Days ago, | were the following 7 


1. By the Strength of his Fingers (only rubb'd in Coal-aſhes to keep them 
from Qlipping) he roll'd up a very ſtrong and large Pewter-diſn. 1 
2. He broke ſeven or eight ſhort and ſtrong Pieces of Tobacco- pipe with 
— Force of his middle Finger, having laid them on the firſt and third 

1 8 SHI 5 #7 1, | ; : 125 2 5 | ws BH ; | "IO g 
8 3 thruſt in under his Garter the Bowl of a ſtrong Tobacco: pipe, 
his Legs being bent, he broke it to Pieces by the Tendons of his Hams, 
without altering the bending of his Leg. N 5 | 


4. He broke ſuch another Bow! between his firſt and ſecond Finger, | by 
preſling his Fingers together ſide-ways. 7 | 
F ²— A 0910 Wigyt5s * 5. He 
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290 A Courſe of Experimental Philoſophy. 
Annotat. 5. He liſted a Table ſix Feet long, which: had half a hundred Weight 
Iecc. IV. hanging at the End of it, with his Teeth, and held it in an horizontal Poſi- 
Ui ion for a conſiderable time. 1t is true the Feet of the Table reſted againſt his 
Mutes; but as the Length of the Table was much greater than its Height, that 
Performance requir'd a great Sitength to be exerted by the Muſcles of bis Loins, 
_ thoſe of bis Neck, the Maſſeter and Temporal (Muſcles of the 7aws) befides 4 
„J Ee ro „ I OTA kr: 1.9% 
6. He took an Iron Kitchin-poker, about a Yard . and three Inches 
in Circumference, and holding it in his right Hand, he ſtruck upon his bare 
left Arm, between the Elbow and the Wriſt till he bent the Poker nearly to 
%%% ͤ .. ̃ĩ 3 £5 een IR e teen en 
7. He took ſuch another Poker, and holding the Ends of it in his Hands, 
and the Middle againſt the Back of his Neck, he brought both Ends of it 
together before him; and, what was yet more difficult, he pull'd it almoſt 
ſtreight again: becauſe the Muſcles which ſeparate the Arms horizontally 
from each other, are not ſo ſtrong as thoſe that bring them together. 
8. He broke a Rope of about two Inches in Circumference which was in 
part wound about; a Cylinder of 4 Inches Diameter, having faſten'd the 
other End of it to Straps that went over his Shoulders; but he exerted more 
Force to do this than any other of his Feats, from his-aukwardneſs in going 
about it: for the Rope yielded and ftretch'd as he ſtood upon the Cylinder, 
ſo that when the Extenſors of the Legs and Thighs had done their Office in 
bringing his Legs and Thighs ſtrait, he was forced to raiſe his Heels from 
their Bearings, and uſe other Muſcles that are weaker. But if the Rope 
| had been fo fix d, that the Part to be broken had been ſhort (in the Manner 
explain'd in the 7th Annotation of this Lecture) it would have been broken 
: with four times leſs Difficulty. t AR „ 
2 I have ſeen him lift a rolling Stone of about 800 lib. with his Hands 
only, ſtanding in a Frame above it, and taking hold of a Chain that was 
fallened to it. By this, I reckon he may be almoſt as ſtrong again as thofe 
who are generally reckon'd the ſtrongeſt Men, they generally lifting no 
more than 400 lib. in that manner. The weakeſt Men, who are in Health 
and not too fat, lift about 125 lib. having about half the Strength of 'the 
ſtrongeſt. N. B. This ſort of Compariſon is chiefly in relation to the 
: Muſcles of the Loins ; becauſe in doing this one muſt ſtoop forwards a little. 
We muſt alſo add the Weight of the Body to the Weight lifted. So that if 
the weakeſt Man's Body weighs 150 lib. that added to 125 lib. makes the 
whole Weight lifted by him to be 275 lib. Then if the ſtronger Man's Body 
weighs alſo 160 lib. the whole Weight lifted by him will be 550 lib. that 
is, 400 lib. and the 150 lib. which his Body weighs. Topham weighs about 
200 lib. which added to the 800 lib. that he lifts, makes 1000-lib. But he 
ought to lift 900 lib. beſides the Weight of his Body, to be as ſtrong again 
as a Man of 150 lib. Weight who can lift 400 lib. 1 | 
Now as all Men are not proportionably ſtrong in every Part, but ſome 
are ſtrongeſt in the Arms, ſome in the Legs, and others in the Back, ac- 
cording to the Work and Exerciſe which they uſe, we can't * 


* 


— 


A Courſe of Experimemal Philoſophy. 
Man's Strength by lifting only; but a Method may be found to compare 
together the Strength of different Men in the ſame Parts, and that tos With- 


out ſtraining the Perſons who try the Experiment. 


Here follows the Manner of doing it, which was communicated to me by Richard 
Graham, E½; F. R. S. To which I have made ſome ſmall Additions. But 
_ the zn Hint was from Mr. Geo. Graham. © 
fg foto not {a3 RAA gl bios 9 fm ola 
 ABCD is a ſtrong Frame of Wood with an Hole thro the upright 
Piece DC, at D, big enough to receive an Iron cylindrick Bar of an Inch 
Diameter or ſomething bigger; a ſtrong Iron Plate being fix'd on each Side, 
that the Iron may not gull the Hole. This Bar has a Square upon it, whoſe 
Side is about an Inch and one eighth, to receive the two ſeparate and une- 
qual Arms of a bended Leaver DF, and DE; and then a ſtrong Nut 4 is 
ſcrew'd over them at D, to keep all tight. The Arm DE, which as a Stil- 
yard is to carry a great N W, is kept from falling below an horizontal 
| Poſition by an Iron Pin at K, 
towards G; but both Arms are moveable round the Axis D, towards e, or 
N. The Arm D F has a round Croſs-Bar at Top, about ſix Inches long, 
as may be ſeen in its ſeparate Repreſentation 4f. To the upright Timber 
AB, is made faft the Iron LN, with a Croſs alſo at top (ſee 77) and Holes 


for Iron Pins to faſten it in its Place. There is alſo another ſtrong Piece of 


Iron HG, faſtened to the Timber that carries the Leaver by a ſtrong 
wooden Screw at I, and the Pin K going thro' its Wings and the Timber. 


which ſtops the ſhort Arm D E from inclining 
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See its eee wee. 5g I. S is a Collar to put on, when you don't 


uſe the upright 
Stilyard'D E: 


rm of the Leaver. M is the Center of Gravity of the 


1. To try one's Strength by Means of the Machine; with the left Hand 


take hold of the round Part of the Crofs at N, and of the round Part of the 
Croſs at F, with the right Hand, and bring your right Hand towards the 
left, in the Direction of FN, which will move DE, and raiſe the Weight 
W. When you can juſt raiſe it up ſo as make F D- quit the Pin at » 


the Force of the Arms will thus be found. Multiply the Weight W, (ſup- f 
poſe an half hundred, or 56 lib.) by its Diſtance: from the Center WD, 


(which we will ſuppoſe here 15 Inches) which will give 840 for the Mo- 
mentum of W, on the Stilyard : Then add to it the Momentum of the Stilyard 


itſelf, which you will have by finding what Ms can draw up the Stil- 


yard by its Center of Gravity, namely, the | 
draws it up by a ny Vang over the Pulley C; and multiplying that 
Weight by M D, its Diſtance from the Center (which we will here . 
10 Inches) you will have 60, which being added to 840, make the Sum 
goo, and that Sum, divided by F D the Diſtance of the Power, will give 
90 lib. for the Force of the Man's Arms who applies his Hands at F 
and N. If another Man raiſes double the Weight at W + ſo much Weight 
as will anſwer to dquble the Weight of the Stilyard at M, he is twice as 

| | - pS 5 ſtrong 
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ſtrong. The Removal of the Weight W towards E will alſo ſerve to ſnew 


how much the Force is greater, inſtead of adding Weight at WT. 
The ſame Way may be found what Force the Arms can exert in pulling 
from each other, by applying one Hand at F, and the other at H. And 
to try the Force with which Topham bent the Poker bearing behind his 
Neck; a Man muſt put a Strap round his Neck, which muſt be faſtened 
to F: then the Head being placed on the Side N, of NL, with both his 
Hands he muſt take hold of the Croſs at N, and -puſh forwards with his 
Hands, all the while pulling backwards with his Neck, to bring F to- 
ESP Aon ea HT SE iro „% 
2. The ſixth Figure is another wooden Frame with the upright Timbers 
AB, C O, a little farther aſunder. * So that a Man may ſtand upon the ſtrong 
Plank F G, and with the Girdle and Chain thro' the Hole H, pull up the 


Stilyard DE by the Hook I; which Stilyard in this Cafe has not the upright 


1Pl. 23. F. 7. 


behind at DF, which Cylinder is drawn ſeparately at d, and its Iron Axis 
4PI. 23. F. 8. 


firſt and two laſt Fingers be thruſt in under G and H, and the. Thumb 


fuch an Action, &c. N. B. The gib Figure is on Part of the 8th. Figure 


Piece F D, but inſtead of a bended Leaver becomes a Leaver of: the third 
kind, where DI is the Diſtance of the Power, and DW the Diſtance of 
the Weight; and therefore 8 will be the abſolute Weight 
that is lifted, or Force of the Muſcles extending the Legs. But here the 
Weight of the Trunk of the Body muſt be added, and conſidered according 
as ſome Men are heavier than others. N. B. The Notch K hinders the 
Leaver from falling below the horizontal Situation; and W drawing over 
the Pulley C, ſhews how the Leaver alis af its Center of«Gravity: So that 
2 is hung on, the Leaver is to be look'd upon as an Inſtrument \ without 

wy The ſeventh Figure + has the Stilyard at DE with a wooden Cylinder 
of an Inch and an half, or two Inches in Diameter, upon its Axis continued 


at g b, and the Nut at i. c RO Re Oe nee, 7 

4. The eighth Figure F repreſents a Machine to try the Strength of the 
Fingers; in which, when you thruſt the Fore-finger under G, and the third 
Finger under H, which are fix'd Points, the middle Finger. may puſh upon 
N to lift a Weight at W, in the ſame manner that Topham breaks the Pieces 
of Tobacco pipes. If the Hand being held with the Palm upwards, the two 


preſſes upon N, that will ſhew in what manner the Tops of Pewter Pots and 
Silver Tumblers have been ſqueez'd together by Men very ſtrong in the 
Fingers; and thus will be ſhewn the Strength that any Man can exert for 


drawn larger. 
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I, AHERE are N ny or e ch may Lect. v. 


be call'd Mechanical, or enumerated among the Inſtru ——— 
ments, commonly, but erroneouſſy called mechanical | 
Powers; „ which 1 purpoſely omitted (or only mention'd without 
explaining. their. manner of acting) in the third Lecture; becauſe 
the Knowledge of the Laws of Motion is neceſſary for underſtand. 
ing upon what Principle they act: And: ſuch are the battering Ram, 
the Hammer or Mall, 1 Bs: __ circular nee _ Wepa e and 
the Bow OS: Þ 1h 


I a . an ns fir Place 2 Wen a ang 
draw ſeyeral Corollaries Conſequences from them, which 1 ſhall 
illuſtrate by Experiments, and apply them ny other Things to 
explain es Ye of thoſe Inſtruments. | 4 


E A4 U. 1. 


Every Boch ne in a State if Re, or of 1 Motion in a 
right Lin ne, unleſs it be cp d 70 er e fees lee 179 n 
impreſo d Keren. 


45 Tuxkz | is in all Matter (whatever kind 7 Body it be ſhaped 
into) an Inactivity, whereby it reſiſts any Force that endeavours to 
make it change its State, in proportion to its Quantity of Matter; 
and this is call'd the Vis Inertiæ, or Force of Inactivity. For it is 
as impoſſible for a Body to go into Motion of itſelf from Reſt, as 
to change its Shape from one Figure to another. This is evident 
to Senſe, and I believe no Body doubts of it; but the ſecond Part of 
this Law #94 not es ſo exggat without a gle a 


a 
# $ 
146 . £ 
1 4 : : g * — 6 
#35 ;@& Sh. A - n 8 * £ 
* 


N \ 2 2 

* a 

= * by * 
- + * * 


' Annorat. 


—— 
75. 23. F. 5. 


*P1. 23. F. 6. 


13 4 Y * EIN 7 ; 1 7 we | . Ns i 1 
A Courſe of Experimental Philoſophy. == 
ſtrong, The Removal of the Weight W towards E will alſo ſerve to ſhew 


n 
1. o 


how much the Force is greater, inſtead. of adding Weight at +. 

The ſame Way may be found what Force the Arms can exert in pulling 
from each other, by applying one Hand at F, and the other at H. And 
to try the Force with which Topham bent the Poker bearing behind his 
Neck; a Man muſt put a Strap round his Neck, which muſt be faſtened 
to F: then the Head being placed on the Side N, of NL, with both his 
Hands he muſt take hold of the Croſs at N, and puſh forwards with his 
Hands, all the while pulling backwards with his Neck, to bring F to- 
2. The ſixth Figure is another wooden Frame with the upright Timbers 
AB, C O, a little farther aſunder. So that a Man may ſtand upon the ſtrong 
Plank F G, and with the Girdle and Chain thro' the Hole H, pull up the 


. Stilyard DE by the Hook I; which Stilyard in this Caſe has not the upright 


Piece F D, but inſtead of a bended Leaver becomes a Leaver of the third 
kind, where D I is the Diſtance of the Power, and D W the Diſtance of 
. W x WD+wx MWD rfl vt ob 


the Weight; and therefore, il be dhe abſolute Wight 


. 


4PI1. 23+ F. 7. 
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that is lifted, or Force of the Muſcles extending the Legs. But here the 
Weight of the Trunk of the Body muſt be added, and conſidered according 
as ſome Men are heavier than others. N. B. The Notch K hinders the 
Leaver from falling below the horizontal Situation, and w drawing over 
the Pulley C, ſhews how the Leaver as af its Center of«Grgvity: So that 
MW is hung on, the Leaver is to be look'd upon as an Inſtrument without 

3. The ſeventh Figure Þ has the Stilyard at DE with a wooden Cylinder 
of an Inch and an half, or two Inches in Diameter, upon its Axis continued 


behind at DF, which Cylinder is drawn ſeparately at 4 f, and its Iron Axis 


SPL 23. F. 8. 


at g b, and the Nut at i. o | VVV 

4. The eighth Figure Þ repreſents a Machine to try the Strength of the 
Fingers; in which, when you thruſt the Fore- finger under G, and the third 
Finger under H, which are fix d Points, the middle Finger may puſh upon 
N to lift a Weight at W, in the ſame manner that Topham breaks the Pieces 
of Tobacco pipes. If the Hand being held with the Palm upwards, the two 
firſt and two laſt Fingers be thruſt in under G and H, and the Thumb 
preſſes upon N, that will ſhew in what manner the Tops of Pewter Pots and 
Silver Tumblers have been ſqueez'd together by Men very ſtrong in the 
Fingers; and thus will be ſhewn the Strength that any Man can exert for 
fuch an Action, Cc. N. B. The gib Figure is only. Part of the 8th Figure 
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1. Ties are r . or Nen hd may Lect. V. 
be call'd Mechanical, or enumerated among the Inftry. - 
ments, commonly; | but erroneouſſy called mechanical | 

Powers; which I purpoſely omitted (or only mention'd without 
explaining their manner of acting) in the third Lecture; becauſe 

the Knowledge of the Laws of Motion is neceſſary for underſtand. 

ing upon what Principle they act: And ſuch are the battering” Ram, 

the Hammer or Mall, 1 1 the enen TO s hows! and 

the Ho: or hb rao 

1 2mant Ne in ads: firſt Place Sade thoſe- Ist ani ; 

draw. ſeveral Corollaries Conſequences. from them, which I ſhall 

illuſtrate by Experiments, and apply them — other Things to 

explain Ge Ve of thoſe Inſtruments. | | 


E A . 1. 


Every Body N in a State of Reſt, or. of uniform Motion in a 
right Line, unleſs it be odd d 10 ee Flea! Stare oF ares 


impreſs 4 renne | 


2. Turns is in all Matter (whatever, kind of Body it be ined 
into) an Inactivity, whereby it reſiſts any Force that endeavours to 
make it change its State, in proportion to its Quantity of Matter; 
and this is call'd the Vis Iuertiæ, or Force of Inactivity. For it is 
as impoſſible for a Body to go into Motion of itſelf from Reſt, as 
to change its Shape from one Figure to another. This is evident 
to Senſe, and I believe no Body doubts of it; but the ſecond Part of 
this Law n not Arens! ſo evident men a lite Antention. 113 
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A Courſe of Experimental Philgſophy. 

Wr ſee plainly that there muſt be ſome extrinſecal Agent or Power 
not eſſential or belonging of Neceſſity to the Body, to put it into 
Motiom: but we don't 16 readily perceive” that a Body in Motion 
would continue to move for ever without the Action of an extrinſecal 


Agent; becauſe we ſee Bodjes here on Eatth gradually loſe, their 
Motions, and for want of attending to all the Cauſes that deſtroy 


the Motion of Bodies, we often jmagine-that Motion languiſhes, and 


at laſt quite periſnes of © itſelf. © But if we confider Wat external 
Cauſes retard and deſtroy Motion, we fhall ſoon perceive that if thoſe 
Cauſes were remov'd, a Body once put into Motion in any Direction 
would continue in that Motion and Direction for ever. 


* 5 
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A SToNt-thrown| forwards with the Hand goes on wich the Mo- 


tion that it has received from the Hand, and would continue in 
that State of Motion for ever, if there was neither Air nor Gravity. 


| | 84 
When we conſider the Reſiſtance of the Air, it is evident, that the 


Body in going forwards muſt remove the Parts of the Air to make 
itſelf way z and as it muſt communicate Motion to thoſe Parts which 
it removes, ſo much Motion as it communicates, fo much it muſt loſe; 
ſo that after ſome Time, and having gone through a certain Space, it 
muſt hang in the Air immovable, that is, if nothing but the Ait 


a cded upon it. But beſides the Air, Gravity (which is a Force puſh- 
ing downwards) alters its Direction, and brings it gradually to the 


Ground. This Endeavour, which every Body has to continue in its 
State of Motion, does not ſeem to ſome to be properly call'd a Force 
of Inactivity (Vis Inertiæ;) but when we conſider that the Body is 
purely paſſive, neither augmenting nor throwing off any of its Mo- 
tion of itſelf, we ſhall find it to be intirely inactive even in that 
State. Thus when we ſtand by a River-ſide, and obſerye a live 
Fiſh.carried down the Stream, he is wholly inactive in that Motion, 
and continues in that Motion all the while he is inactive: it muſt 
be an Action exerted (equal to the Force of the Water) that will 
make him come to Reſt, and appear fo in reſpect of the Spectator on 
the River-fide. © og | 5 5 


Surrosꝝ a Man exerts a certain Force to roll a Bowl on a Bowling- 
green neither mow'd nor roll'd, and can only throw it 20 Yards with 
that Force; when the Green is mow'd, he ſhall with the. ſame Force 
throw it farther, 30 Yards for Example: then if the Green be roll d 
as well as mow'd, the fame Force may throw the Bowl (for Exam- 
ple) 40 Vards: and ſtill if more of the Obſtacles are taken _ 
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the Bowl will, yer go farther. Whence one may eafly conclude, that Lect. V. 


— 


if the Plane on which the Bowl rolls could be made ae ſmooth, —Y— 
and mathematically true, the Bowl truly ſpherical, and the Reſiſtance 
of the Air, wholly taken away, the Bowl would for ever roll (or rather, 


ſlide) on that Plane if it was infinitely extended. 


: ien e Raines nin TD arm) 
3. We have ſhewn by a Quotation from Sir Iſaac Newton, (L.. 3; 
Ne 85.) that if a Body be acted upon by two Forces whoſe Di- 
rections make any Angle, the Body will move in the Diagonal of 
a Parallelogram, two, contiguous. Sides of which repreſent, (by their 
Lengths) the reſpective. Quantity of thoſe Forces, and (by their. 
de el No Directions: and alſo. that the Body will go th, 
the whole iagonal by the Action of the ſaid two Forces *, in the un. 1. 


ſame Time that it would have gone thro! either of the contiguqus: 
Sides, if only one of the Forces had acted upon it. 


Tus is not ſo readily conceived by thoſe who. ate not aceuſtom d, 
to mathematical Reaſoning; becauſe, while, they obſerve the Action 
of one of the Forces, they do not attend to the other: But it will, 


appear very evident, by nde ſuch Caſes wherein the Space 


in which the Body moves is carried * in a different Direction from * Ann. 2. 

that which the K ig pears, more immediately to be moved in. 

As for Example, let us epel TS ( Nl. 23. Hg. 10.) to be a fl. 23. F. 10. 

Tag ſcbuit or Dutch travelling Boat (I mean the Plan of it) HH G, 

the Canal in which the Boat goes in the Direction T and A and 

B two Perſons fitting over- againſt one another in the Boat. Now 

let us ſuppoſe the Perſon at A toſſing any Body, as for Example, a 

Ball, to the Perſon at B, and ſo reciprocally: All the People in the 

Boat will conſider the Ball fo toſs'd as only moving in the Line A B, 

whether the Boat ſtands ſtill or goes on along the Canal, tho' there 

be but one Force acting upon the Ball in the Direction A B when 

the Boat ſtands ſtill, whereby it really moves in that Line; but when 

the Boat goes along, another Force in the Direction A & does alſo 

at the ſame Time act upon the Body, which by that compound 

Action is really carried in the Line A 5, tho' the Perſons fitting by 

fancy the Ball to go ſtill in the Line A B, becauſe they are carried 

along too, and forget that the Force which draws the whole Boat does 

alſo carry the Ball along, which isa Part of it, as well as themſelves. 

Now this will be evident to the Sight of a Man that ſtands upon the 

Bank at C; for when the Boat ſtands ſtill, he looking towards D on 

the oppoſite Bank, ſeeg the Ball move (as it really does) in the Line 
| AB. 
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A Comfecef Experimental, Philoſophy 
A B. oF beit che Boat moves and goes Go the « Poſition: 'T S to 
the Po ſition 75, in the fame” Time that theBall moves acroſs from the 
Perſon at A to the Perſon at B, it is plain (and Will be ſeen by a Man 
on the Bank at C) that the Ball bes in the Diagonal Line A &, be- 
eauſe the Perſon who was at B does not receive it till he is carried 
to þ by the Motion of the Boat; Which his Oppoſite (being at the 
ſame Time carried to a) does not attend to, tho the Thing be ſo vi- 
ſible to the Man at C. Vet if the Man at C ſtbod upon à Plank at 
AC faſten'd to the Boat, being then carried Joy gi C to c, he 
would not diſtinguiſh between 5 28 AB and the Line A 6, but 
(when he came to c) ſuppoſe that the PT had mov'd in the Line 
4 b, which he would miſtake for A B; unleſs looking over the Ca- 


nal, he ſhould confider that he no longer faw the Point D over-againſt 


him, but the Point J. Thus, in a Ship, if a Man ſtanding on the 
| Deck near the Maſt toſſes up a Stone to another who ſtands on the 
Round Top, or receives a Stone dropp'd from thence, the Stone 
will move parallel to the Maſt (ſuppoſing the, Maſt upright) whe- 
ther the Ship be at Anchor or under Sail; tho' in the firſt Caſe the 
Stone moves perpendicular to the Horizon, and in the laſt Caſe 
n= to it, as it riſes or falls in the Diagonal of a” Parallelogram, 
whoſe contiguous Sides repreſent the two Forces acting upon the 
Body, the one perpendicular, and the other parallel to the Horizon; 
juſt as in the laſt Inſtance, the two Forces AB and A 4 W upon the 
Ball horizontally projected i in the Boat. 


N. B. Whether the Boat goes faſter or flower. 7 in which Caſe 
A b becomes longer or ſhorter) the Ball coill perform its dia- 
gonal Motion in the ame Time; - for Inde the Force A B con- 
 tanues the fame, all that is done the lateral Force Aa i 
only to make the Ball come ta a different "Point of the Line B n, 
"as mor b er n, inflead of B; while the Force A B in the ſame 

Time carries it croſs the Bat, bt 2 5 2 Part of the Line 
1 to ſome Part 90 Line B b. hang 0 wh 
. 

I nave been the more prolix in 1 ee becauſe I have 
met with a great many Perſons of good Senſe, who fot want of At- 
tention have not been able to conceive this compound Motion, on 
which all Mechanicks are founded. For this Reaſon T have ſub- 
join'd Variety of Experiments to the ſame Purpoſes; becauſe if one 
dont, another may, convince. 5 | 
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_ ExrxzRIMENT I. PI. 23. Fig. 11. 


THz Machine of Plate 23. Fig. 11. conſiſts of a Braſs Plate 
ABCD, upon which another Plate IK LM flides forwards and back- 


wards in the Direction T S or 8 T, between the Rulers AD and BC, 


under the Edge of two other Rulers EF and GH, of which EF is 
a little Rack with Teeth to receive the Teeth of the Wheel N, 
which is faſten'd to the Plate IMK L by the Cock N O, and turns 


round its Axis N, as the ſaid Plate is puſh'd forwards and backwards. 


The Wheel in its Motion along E F carries another Rack PQat 
right Angles to the former, either to the right or to the left, accord- 
ing as the Axis of the Wheel at N is puſh'd in the Direction T'S 
or ST. This laſt Rack has an Arm SR with a little Socket at R to 
receive a black-lead Pencil, which according to the Motion of the 
End R will draw a black Line upon the Paper on which the Ma- 
chine is to be laid. | - 71 1 5 


Tur RRE muſt be drawn upon the Paper a Square ef g h, one of 
whoſe Sides is equal to the Diſtance between the Edges of the 
Rulers AD and BC. Then having puſh'd up the Wheel N as far 
as it will go, lay the Machine upon th 

may be parallel to g h one Side of the Square above-mention'd, at ſuch 
a Diſtance as to have the Point of the Pencil fall upon the Point e, 
and the Edge of the Rack PQ over the Line a4: then with one 
Hand preſſing down the Plate AB CD of the Machine at T, to 
keep it immoveable upon the Paper, pull down the Cock NO in 
the Direction 8 T a Length equal to eg; and the Pencil, inſtead of 
deſcribing the Line eg, will deſcribe the Diagonal Line e h, becauſe 
as the Wheel in its Deſcent is turn'd round by the Rack EF, it 
throws the Rack PQ to: the left, juſt the Length of ef, by means 
of the Teeth in the faid Rack, and the Slit in it which lets it go late- 
rally along the Pins IM by the Action of the Wheel, while the faid 
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e Paper, ſo that its End AB 


Pins bring it perpendicularly down from the Line a6 to the Line dc. 


And to ſhew that the Diagonal is deſcrib'd in the ſame time that the 
Side eg would have been deſcribed if there had been no lateral Mo- 
tion; take off the Wheel, and then the Pencil's Point will deſcribe 


the Line eg, while the Cock is drawn down the ſame Length as 


before, or puſh'd up again. This ſhews that it is the ſame thing 
for a Body at e to be ated upon by two Forces in the Direc- 


tions ef and eg, as to be carried from the Line eg to the Line 
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Lea. V. /b, at the ſame time that it is brought down from the Line ef to 
—— _ i. 7 EW, Oo LE Ex 


UP e un turn II. Pl. 23. Fig. 12. 


Plate 23, Tun 12th Figure of Plate 23 is a ſquare Frame of Wood, of 
rig. 1 which the Part CDBE is to be ſet up on its Side BE, whilſt the 
other Part of it deb is drawn out of its Groove into the Poſition 
ds e; by which means the Ball A is made to deſcribe the Dia- 
: gonal A a aſcending, and the ſame Diagonal deſcending is deſerib'd 
when the ſliding Part is puſh'd back into the. Frame in the Direction 
d. There is a Wire Ae fix'd to the fliding Part for the Ball to 
move up and down on, and a String 5% which goes thro' an Hole 
in the Pieces dc and D C, fo as to have its End faſten'd at C; by 
which means the Ball muſt riſe when 4s e is drawn out laterally ; 
and it falls back again by its own Weight when de e is puth'd in 
again: and when dd ee is left in its containing Frame, the Ball 
will riſe and fall by pulling or letting go the String CS. If the 
| Wire Ac be conſider'd as a Rope parallel to the Maſt of a Ship, 
Ee what we have ſaid of a Body let fall from the round Top of the 
Maſt, and moving parallel to the Maſt, (whether the Ship be at 
Anchor or under Sail) by one, or two Forces acting upon it, will 
ii ef | 2 


Bur as I have heard ſome object, that this, and the laſt men- 
tion'd Machine, did indeed, by the Contrivance of them, make a 
Body move in a Diagonal; but they did not prove that Nature 

acted that way: I have made the thing evident to Sight by the 
following FE : - 


% 


EXPERIMENT III. PI. 23 Fig. 13. 


PI. 23. F. 13: THE round Table GEF D ſtands upon a Pivot P, and has an 
Hole on each Side of its Center half way from the Circumference, 
at A and B. At right Angles to the Line that goes thro' A Ch is 

drawn a Diameter D E, and from ſeveral Points of that Diameter 

equally diſtant from the Center on each Side, are drawn the 

Rhombs or. equilateral Parallelograms, DA E B, 4A eB, and JA 

eB. The Ball D has two Strings faſten'd to it at the ſame Point, 

and thofe Strings being carried thro the Hole AB, have hanging at 

their End two equal Weights W and-X, which by the joint _ 


A Conrfe of Experimental Philoſophy. 299 
BU of their Deſcent will bring the Ball D to reſt upon C the Center Le&. V. 
> of the Table, whilſt the Parts of the Strings on the Table are in SY 
| the Line AC B. If the Ball D be pull'd back to 8, d, or D (whereb 
the Weights W and X will be rais d up, and the Strings will lie u- 
on and have their Directions in the contiguous Sides of one of the 
Parallelograms) as ſoon as you let it go again, it will run in the Line 
DE, which is the common Diagonal 5 all the Parallelograms; as 
may be beſt perceived by holding one's Finger or a Wire at the Cen- 
ter C, which the Ball will ſtrike in its Motion. Here it is plain, 
that the natural Gravity of the Bodies W and X is the only Force 
(divided into two equal Parts) which acts upon the Ball D, and 
that whether the Directions of thoſe Forces be at acute, right, or 
obtuſe Angles, the Ball is ſtill carried in the Diagonal of a Paral- 
lelogram f equal Sides, ' repreſenting equal Forces. But if one of 
the Weights as W, be taken as heavy again as the other, the Ball 
from D, d, or d, will run in a Direction between A and C; and 
not run over the Center till you let it go from F, in which Caſe the 
two Strings will make two contiguous Sides of the Parallelogram 
FAGB, whoſe Proportion to each other is alſo as Two. and One; 
the Diagonal being FC G, which paſſes thro' the Center. 5 


e , e ß ß Ws 


I T was objected to Gaklzo, when he aſſerted the Motion of the 
_ Earth, that if the Earth did turn round from Veęſt to Eaſt, a Can- 
non-Ball ſhot upright, would not fall down in, or near the Place 
from which it was ſhot (as we ſee by Experience it does) but move 
to the Weſt according to the Space of Earth that had been carried 
towards the Eaſt, during the Riſe and Fall of the Ball; which he 
anſwer'd, by ſaying, that the Ball is ated upon by two Forces. One, 
that of the Powder, which throws it up; and the Other, that of 
the Earth, which carries it to the Eaſt, making it in its Riſe de- 
ſcribe a Diagonal Line towards the Eaſt, and from the upper End 
of that Diagonal, another Diagonal Line alſo towards the Eaſt in 
its Fall, He alledg'd the Caſe of the Ship that we have already 
mention'd. But nothing will make the Thing fo plain as the fol- 
lowing x | 178 
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Exrzszixznz Iv. a 24. Dig. 1. de at 2 
Te o an horizontal Piece of Wood 6 H, fix'd about 10 Peet Tn 


725 Floor of my Room, I ſcrew'd the two Hooks S's, and by means 
f 


four Strings hung on the faid Hooks, the Braſs Plate or flat Pen- 
lum ABCD, which (by reaſon of the Diſtance of the Strings at 


their Points of Suſpenſion 8 5s) perform'd its Vibrations in a circular 
Arc over the graduated upright wooden Plane E F which ſtood un- 
der it, the Center of the Pendulum never moving out of the Plane 


of the Wood as it vibrated in the Direction E F, or back again, at 


the Diſtance of about nine Feet from the Piece GH. Over the 
two Pullies I, K, ſcrew'd into the upper Side of the Piece G H, ran 


the 9 LKIW, whereby the Weight W might be let down upon 


the Pendulum ABCD, or lifted off from it at pleaſure ; there be- 
ing a Hole thro G , juſt under the Circumference of the Groove 


of the Pulley I. 


LET the Pendulum (the Weight W being upon. 1 t be drawn out 
of the Perpendicular to E, and then, when it is looſed, it will vi- 


brate towards F, and fo back again towards E, &c. for a conſiderable 


Time. During that Motion, if by pulling the String at L the Weight 


W is 
"lifted off, and at whatever Part of it, it is receiv'd again. For tho' 
the Force of the Hand pulling the String is the Cauſe of the Riſe of W, 


W be lifted off of the ſwinging Plate, and then let down again, it 
will always fall upon the ſame Part of ABCD, tho' ABCD be 
mov'd a great way out of its Place during the Time that the Weight 

off of it ; and that, at what ever Part of the Vibration W is 


and Gravity the Cauſe of its Deſcent; yet it has alſo another Force act- 


ing upon it, which moves it in the Arc of Vibration, as Part of the 


Pendulum compounded of ABCD and W. Juſt ſo as any Part of 


the Earth, on which a Cannon is ſet upright, is carried from We/t to 


Eaſt, by the Motion of the Earth round its Axis; the Cannon Ball 
ſhot "Ra beſides the Motion receiv'd from the Exploſion of the Pow- 
der, has another Force impreſs'd upon it by the Earth's Motion, 


as it is a Part of the Earth, and is carried from Weſt to Eaſt in the 


| Air, as well as the Cannon is upon the Earth, fo as to fall _ 


again Into, or near, the Mouth of the Cannon. 


A Cannon-BALL or any ater Projectile never deſcribes a | right 


Line in its Motion, but when it is n perpendicularly up or 


down, 
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de Which right Line of Aſcent or Deſcent is the Diagonal of Lea; V. 
= Parallelogram, {as we have already ſhewn; but when the Bad-... 

projected is thrown horizontally or obliquely, it deſeribes a Curve | 
calld a parabolick Line. Now this Curve is made up of an infi- 

nite Number of ſmall Diagonal Lines, that continually change as 

the Directions of the Forces alter in the Body's compound Mo- 

tion, which is eaſily. explained from what has been ſaid of the Ac- 
tion of two Forces, and the Conſideration of the Acceleration of 

Motion in the Fall of Bodies; which (as it is a Fact and Matter of 
Obſervation) muſt be now taken for granted; tho' we ſhan't ex- 

plain the Cauſe of it, but 1 ia the- DINE of ian an Law of 

Winne 18 


Lov T2 : Body at A 1 Pl. 24. Fig. 2.) as for Example, a Cannon- l. 22. Fig 2. 
Ball, be ſhot forward in an horizontal Direction A F, ſo as to move 
with a determinate Velocity; for Example, 4 Rodsin a Second of 
Time, or from A to B. It is evident by the firſt Law, that it 
muſt the next Second go on in the ſame Direction thro the ſame 
Space, vi2. from B to C, and ſo to D, then to E, then to F, &c. 
It is alſo plain, that if there be another Force whoſe Direction is 
at right Angles to the Line AF, as in the Line AL, which is 
perpendicular to the Surface of the Earth, (or to take the thing 
more generally, a Force preſſing from the Line A F towards the 
Line L/) the Action of this laſt Force upon the Body ſetting out 
at A will neither accelerate nor retard its Motion from the Line 
AL to the Line B M, nor from the Line B M to the Line C N, 
nor from the Line C N to the Line D O, nor from the Line D O to 
the Line EP, nor from the Line EP to the Line FF; but only 
cauſe the Body to go thro different Points of thoſe Lines inſtead of 
the Points B, C, D, E, F. Now I ſay, that 5, c, d, e, and f, will 
be the Points of the Lines BM, CN, DO, EP and F f, which the 
Body will go thro'. The Force preſſing downwards in the Direc- 
tion AL is the Force of Gravity, by whoſe Action it is obſerv'd 
that Bodies fall with an accelerated Motion, in ſach Manner that 
in the firſt Second of Time a Body falls 1 Rod (or 16+ Feet,) the 
2d Second, 3 Rods; the 3d Second, 5 Rods; the 4th, 9 Rods, Sc. 
which Spaces are here expreſs d by AG, GH, HI, IK, and K L. 
And if the falling Body, during the Lime of its Fall, be acted up- 
on by another Force in an horizontal Direction, as in the Direction 
AF, (or rather from the Line AL towards the Line F/) that Force 
will not at all diſturb the uniform Acceleration of the Motion Sug 
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( 1 Philoſophy. 
ng Body, but only make it fall to ſome other Point of 
the Line Ly (or of the Surface of the Earth) than the Point L, as 
for Example to the Point f es ONES On 


Tur ſereral Points, of che Curve In which the Body moves will 


be thus found. The Body at A is acted upon by the two Forces 


AB and AG; the Lines Gb and Bb, reſpectively equal and pa- 
rallei to A B and A G, compleat the Parallelogram A &: conſe- 
quently the Body muſt move in the Diagonal A . The Body at 6 
is ated upon horizontally by the Force 6&4, equal to A B (or 
brought down from B C) and at the ſame Time by the Force 36 
increasd by Acceleration from 1 to 3, and transferr'd from G H to 
b h; for as without the horizontal Force, it would in the 2d Second 
of Time have carried the Body from G to H (as it is not alter'd in 
the Quantity of its Effect by the horizontal Force) it will there- 
fore be able from & to carry down the Body to h; but the horizon- 
tal Force 6& acting at the fame Time, does in the fame Time car- 
ry the Body from the Line 6 * to the Line hc, as the Force bb 
carries it from the Line 6k to the Line hc; and conſequently at | 
the End of the 2d Second of Time the Body will be at c, where the 
two above-mentioned Lines meet, having deſcrib'd the Diagonal 
b c by the joint Action of the Forces h & and þ h. The Body at cis 


acted upon by the horizontal Force c 8, (=CD) and the perpen- 


dicular Force cz (fo increas'd as to be HI) at the fame Time; 
therefore the Body will go in the Diagonal c 4. For the ſame Rea- 
fon, when the Body is at J it will go in the Diagonal de of the 
Parallelogram dee x, by the joint Action of the Forces 4s and 
dx; and ſo from e it will go to F in a new Diagonal, viz: that of 
the Parallelogram ef, by the Action of the two Forces e © and 
E oe + | | „ The 


 $SCHOLIUM. 


Ir we had divided the Time of the whole Motion into more, and 
therefore leſs, Parts; we ſhould have had more Diagonals from A, the 
Beginning of the Fall of the projected Body, to F the End of it, 
which would have made its way Abc def more curve by having 
more Changes of Direction in it. Now as the Motion of Bodies 


downwards by the Force of Gravity is continually increafing (or the 
+ Line AG continually becoming longer) and not increaſing by Fits, as 
we have ſuppos'd it, to make the Action of the two Forces the better 


conceiv'd, 


infinitely ſmall) ſo that it deſcribes a Parabola in going from A 


to | 
Kun way be illuſtrated by the following | 


8 Er AM r V. 


Tur Stacking repreſented by the zd, ath, and 5th. Figure of Pl. 24. 
Pl. 24. was contriv'd by Dr. s Graveſande (Profeſſot 2 Mathema- Fig. 3, 4, 5- 


ticks and Aſtronomy at Leyden) to make this parabolick Motion 
of Projectiles evident to Sight. ABS GF is a ſolid Piece of Wood 
15 Inches high and two Inches thick, ſtanding x/ upon its End FG, 
and ſet upon the Board or flat Piece FE, which has a little ſhallow 
Pit at E to be fll'd with foft Clay; fo that when the Ball B falling 
from B along the curve Surface B 5, (which is made very ſmooth, or 
faced with Braſs or planifh's Tin) and deſcribing in the Air the 
arabolick Line 6 * JE, it may make a Mark to ſhew exactly the 
lace where it fell. The Piece G (Fig. 4.) is ſometimes to be put 
on upon G E of Fig. 3. where the prick'd Lines repreſent it at G 
3 J, having alſo a Pit to fill with Clay to receive the Mark of the 
falling Ball at d. The Piece K (Hg. F.) is to be put on over it up- 
on Gccaſion, where it is repreſented by the prick d Lines 1 3 *, to 


Intercept the falling Ball, and ſhew by the Clay in its Pit where the 5 


Point x, of the Line bx, falls. There is alſo an upright” Board 
BDE to be taken off and on upon Occafion, on which are faſten'd 
the 3 Rings r, r, r, thro' which the Ball will move. when it de- 
ſcribes a Parabola from 5 to E; the Pieces of Hg. 4. "IA > 
being then remov'd. 


Tue Height B O, or the Diſtance Between the Line AB D and 
the Line C de, is of fix Inches; and the Height 6 G is of nine 


Inches, being divided into three unequal Parts, of which the upper- 


moſt contains 1 Inch, the next 2 Inches, and the loweſt 5 Inches. 

Now if the Time, in which the Ball falls from & to G, be divided into 
three equal Parts (which we will here call Inſtants) the Ball will in 
the firſt of them fall the firſt Space mark d 1, that i is, one Inch; 

and in the next Inſtant the Space 3, or 3 Inches; and in the 3d In- 
| ſtant the Space 5, or 5 Inches. N. B. Tbis happens on account of the 
accelerated Motion, the Gauſe of which we ſhall explain in conjider- 
ing be ſecond Law f Motion. When we let the Ball fall from 


7 B, 
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conceiv d, thee is a continual Change of ee in the e Lect. V. 
of the Body forwards and downwards (or the Diagonals become — 
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B, and it rolls down along the curve | Surface B 5, it has acquir'd 


ſuch a Velocity at & as is able to throw it forwards (double the Di- 


ſtance B C or Height from which it fell) by an uniform Motion, vig. 
from 6 to e, in the horizontal Line cd e, if it was not forc'd out 
of it downwards by the Action of Gravity; but Gravity neither 
accelerates nor retards its Motion forwards, only makes it come to 
the Point E inſtead of the Point e, in the ſame perpendicular Line, 


and in the ſame Time. And if we conſider two other Points of 
the Parabola bz» E, viz. x and d, we ſhall find, that the Ball which 


in the firſt Inſtant of Time muſt have gone to c by the horizontal 
Motion or projectile Force, is brought down. by Gravity to &; and 
inſtead of being carried to d the ſecond Inſtant, it is brought .to 5 
in the Parabola, which Point is directly under d, and in the ſame 
horizontal Line as the End of the 4th Inch or 2d Space in the Line 


of Fall 5 G. To prove it experimentally ; put on the two Pieces G 


and K of Fig. 4 and 5. then letting the Ball fall from B, it will run 
down the Curve Bb, and then in the Air go from 5 to x, where it 
will make an Impreſſion on the Clay. Take off the Piece off Fig. 5. 


and let the Ball roll down again from B, and it will fall on the Point 


9, as will alſo be ſeen by its Impreſſion on the Clay at J; then take 


off the Piece of Fig. 4. and the Ball will go to E: and laſtly, when 


you put on the Board BD E with its Rings 7, r, r, the Ball falling 
from B will deſcribe the Parabola 5 E paſſing thro' all the Rings, 
tho there were as many more, provided the Parabola paſs thro' 
their Centers. N. B. The Reaſon why the Ball falling in the Curve 


B acquires a Velocity to carry it forwards uniformly twice the Length 


or Height BC, in a Time equal to the Time of the Fall, will be alſo 


ſhewn in explaining the next Law. 


If a Cannon-Ball or any other Body be ſhot or projected ebliquel 


 wpwards, it will likewiſe by its Riſe and Fall deſcribe a Para- 


K. 24. F. 6. 


bola. 


ConsTucTio v. Pl. 24. Ng. 6. 
Draw a Line A 7 for the Amplitude of a Parabola, and upon 


its middle Point 3 raiſe the Perpendicular 3 E, upon which take the 


Height 3e for the Axis of the Parabola. From e to E upon the 
Axis continued ſet off e E De 3, and draw the Line A E, which 
will be a Tangent to the intended Parabola in the Point A. Divide 


the Line AE into any Number of equal Parts; as for Example 


four, 
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four, which will be mark'd by the Points B, C, D, E: continue on Le&. v. 
the Line AE beyond F, fo as to ſet on upon it four more equal Parts 

as EF, Cc. not expreſs'd in this Figure for want of Room, but 
ſuppoſed to be over the Points G, H, I. Then from the Points B, C, 
D, F, Sc. let fall the Perpendiculars B &, Cn, Do, F's, Gu, H x, and 
laſtly I7, which will fall upon the Point 7 of the Line Az (or Am- 
plitude of the Parabola.) Divide the Axis e 3 into 16 equal Parts, 
and mark the Points 9, E, 2, at the End of the firſt, fourth, and 
ninth Diviſions; fo that the four equal Parts, eq, 92, 3 2, and 2 3 
may reſpectively contain one, three, five, and ſeven of the equa 
Parts. Thro' the Points 9, 2, and 2, draw the Lines dy, cg, and 
b þ parallel to the Line Az, which Lines will meet the Perpendicu- 
lars in the Points 5, c, d, /, g, and bh, and be Ordinates to the Axis e 3. 
Upon the Line e E or Axis continued mark ep =eq, and eZ =e 2, 
and likewiſe e K De 2: from the Points K, Z, and p draw K &, Z ce, 
5d, and on the other fide pf, Z g, and Kh. If a curve Line be 
drawn thro' the Points A, 6, c, d, e, ,, g, b, and i, it will be a Para- 
bola, or the Line which a Projectile ſhot from the Point A in the 
Direction AB will deſcribe; provided it has a Velocity given to it 
able to carry it the Length A B, in the ſame Time that by the Force 
of Gravity it would fall the Length B 5. Produce to, or beyond 
t, w, and y, the Lines pf, Z g, and K b, which (as well as p d, Z c, 
and K 5) are Tangents to the Parabola in the Points 5, c, d, e, f, g, b, i. 
Then thro' thoſe Points draw the Lines 5 4, ch, dm, eo, fq,gs, b u, 
and 7x, ſeverally parallel to thoſe Tangents, which will be ter- 
minated by the Perpendiculars at the Points @, &, m, o, 9, 5, u, and x, and 
compleat the Parallelograms ABba, Ble, cndm, dpeo, er fg, ftgs, 
gw Hu, byix. Aa, Bb, bh, le, cm, nd, do, pe, eq, , fs, tg, gu, 
0 , bk, yt, are all equal; which may be eafily demonſtrated from 
the Conſtruction, and the Nature of the Parabola ; but we rather 
chuſe to demonſtrate it from Gravity, in the following Explication. 
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LET a Ball be projected in the Direction ABCD, Ge. (Pl. 24. pl. 24. F. 6. 
J. 6.) By the firſt Law it would go thro' the equal Spaces A B, | 
BC, CD, DE, EF, &c. in equal Times. or Inftants, and go on 
continually in the Line AF, &c. if Gravity did not act upon it to 
bring it down; but for the Reaſons before alledged during the firſt 
Inſtant, Gravity will have brought it down to & (or, which is the 
lame thing, it will move in the Line A Diagonal of the Paral- 
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306 4 Gourſe of Experimental Philgſoph. 
Le&. V. lelogram A B= a, two. contiguous Sides of which B A and A @-repre- 
— ſent the two Forces that act upon the Body ;) and at the End of the 


5 * " 
* 


fecond Inſtant, inſtead of going forward according to the new Di- 


rection Ab in the Line 6% it will be brought down to c, moving 


in the Line þ c Diagonal of the Parallelogram & Ic &, where 61 repre- 
ſents the now projectile Force, and 6 k=B b =/ c the Force of Gra- 


vity, which always preſſing downwards with the ſame Force, muſt 


be repreſented by the equal Perpendiculars A 4, b k, cm, do, eq, fas, 
&c. whilſt the projectile. Force in its different Directions is repre- 
ſented by the unequal and decrealing Lines AB, 61, cn,: and 


d p, in the Aſcent of the Body; but in its Deſcent, by the unequal 
Increaſing Lines er, Ft, g w, and by, all Tangents to the Parabola, 
To go on, the projectile Body will ſucceſſively deſcribe the Diago- 
nals c d, de, e % f g. g b, and bi, of the Parallelograms, two contigu- 


ous Sides of which repreſent the Quantities and Directions of the 
Forces cn and c m, dip and do, er and eg, Ft and ys, g wand gu, 
r Cog ). 
N. B. We have calld Diagonals the Curves intercepted between 
| the Perpendiculars at the Points A, b, c, d, e, f, &c. or, which 
is the ſame thing, made the Diagonals curved; becauſe theſe 
Diagonals are really ſuch, as we have hinted in the Expli- 
cation of the Motion of a Body, projetted horizontally. ; 


SC HOLIU M. 


Tux projected Body moves with a Velocity continually diminiſh'd 
till it comes to the Vertex of the Parabola at e, then goes down the 
other half of it with a Motion continually accelerated. For ſince 
the Spaces AB, BC, CD, DE, EF, &c. have been taken equal in 
the Line of the firſt Direction of the ProjeQtile ; by the firſt Law, 
the ProjeQile muſt go thro' them in equal Times, if none but one 
Force (viz. the projectile Force) ated upon the Projectile. But 
as Gravity acts upon the Body at the ſame Time, tho' it cannot 
hinder it from. ſucceffively reaching the Perpendiculars (which are 
equidiſtant and parallel to each other) 'in the ſame Space of Time 


that it would have done if there had been no Gravity, it will bring 


the Body, at the End of every Inſtant, to other Points of the Per- 
pendiculars, which are ſtill nearer and nearer to each other, till the 


Body comes toe: as for Example, the Body at the End of the firſt 


Inſtant, inſtead of being at B, is brought down by Gravity, to þ fal- 
ling one Space equal to e; at the End of the ſecond Inſtant, 1 8 5 
| ag . was 9 


— 


of being at C, it is 
Direction or Line of the prqjectile Force thro a Space equal to e , 
or four Times e q = B56, the Space fallen thro' the firſt Inſtant; at 
the End of the third Inſtant, inſtead of being at D, it will be 
brought down to d thro' a Space equal to e 2, containing 9 Times 
eq, or Bb, the Space fallen thro' the firſt Inſtant: at the End of the 
fourth Inſtant, inſtead of being at E, it will be brought down to 
e, thro' a Space equa] tore 3, containing ſixteen of the Spaces of the 
firſt Fall B54 or eg. Now ſince the Spaces which the Body goes 
thro' in its Aſcent, in equal Times (that is, the Lines A, bc, c d, 
and de). are not only leſs than the Spaces A B, BC, C D, DE, but 
alſo leſs than each other, becauſe their Change of Direction makes 
them continually cut the parallel Perpendiculars at leſs oblique 


Angles; it is evident that the projected Body continually diminiſhes ' 


its Velocity till it comes to its utmoſt Height at e, the Vertex of the 
Parabola. And this will-alſo appear, if we conſider the Motion 
of the Projectile here, as we did that of the horizontal Projectile; 
viz. by examining how ſeveral Parts of the Line deſcrib'd by 
the Projectile are like ſo many Diagonals deſcrib'd by the Action 
of two Forces, one of which changes its Quantity and Direction 
by extremely ſmall Intervals, tho' here we take great Interyals to 
make the Thing more plain. ; 1 | | 


War therefore the Body projected ſets out at A in the Direction 


AB, AB repreſents the projectile Force, and A à the Force of Gra- 


vity; as the Lines B, and 5 a compleat the Parallelogram by Con- 


3 : 5 


ſtruction, the Body will go in the Diagonal A f. The Body t Pl. 24. F. 6. 


being at 6-will, by the firſt Law,-endeavour to continue to move 
in the Line 4/, being the Diagonal continued, that is, in the new 
Direction which it has now acquir'd, and with the ſame Velo- 
city which it now has, (which is leſs than what it had at A, be- 
cauſe the Diagonal A is ſhorter than the ſide A B; therefore 51 
now repreſents the projectile Force, and 5 Ex the Force of Gravity, 


inſs of Experimental Philoply. 


brought down to c, having fallen from the firſt Let, v. 
— 8 


which we take equal to A a; becauſe we have no regard to the 


Body's being in Motion, but conſider it as ſetting out from the 


Point 6, by the Action of the two Forces 51 and 6: The Body 


thus ated upon will move in the Diagonal 6c of the compleated 
Parallelogram 6 c &, with a Velocity as much leſs than it would have 


had in the Line +4 /, as the Diagonal 4c is ſhorter than þ/. The 


Body at c will, by the firſt Law, endzavour to go on in the Line 
cn with the Velocity which it now Rae, but the Action of Gravity 
Rr 2 5 repreſented 
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| Lec, V. ahpoofiinſak by en {Po age bringing it down out of that 
ine n, will make it go in the Diagonal cd with a Velocity leſſen d 
in proportion as cd is ſhorter than cv. Laſtly, the Body at & acted 
upon by the Forces 4p. and do will go in the Diagonal de with 


chang'd Direction and diminiſſd N ag wie have Goon 
before. | 5 | 


2 cath the. Body comes down from its utmoſt Height at e, it dun- 
tinually increaſes its Welecity. For, firſt, if we conſider it when 
at e; che projectile Force is er, Gravity eq, and ef (the Diagonal 
of the Parallelogram erg) the Line deſcribd by the Body. Now 
as the Line er repreſenting the Direction and Velocity of the Body 
at e, is ſhorter than the Tangent #7 repreſenting its Direction and 
Velocity when at f, (becauſe er is perpendicular and Vt oblique to 
equidiſtant Parallels). the Diagonal /g muſt be longer than the Dia- 
gonal ef, therefore the Body's Velocity will be ſo much the greater. 
Thus will the Diagonal g of the Parallelogram g wha, the 
- Space gone thro by the Body in the next Inſtant, be greater than 
Fg, and conſequently its Velocity increas'd in that Proportion. 
And laſtly, hi the laſt Space being the Diagonal of the Paralle- 


logram h 7 x, will- be ſtill greater than the laſt, and ny 
the Velocity alſo greater. 


COROLLARY I. 


H ENCE may bs known the different Velocity of a ProjeRtile i in 
any Point of the Parabola which it deſcribes, whether in its Aſcent 
or Deſcent: and it ill always be to the Velocity in any other Point, 
directſys as the Lengths of the Parts of the Tangents to the Parabola, 
at thoſe Points which are intercepted between the ſame or equi- 
diſtant Parallels. As for Example, the Velocity at A: is to the 
Velocity at b::as BC: tob/; for ſince (by Conſtruction) B C is 
equal to A B, and A B repreſents the Velocity of the Body at A, 
as þ] repreſents the Velocity of the Body at þ; the Velocities at the 
ſaid Points A and b will be. reſpectively as B C to 5. Thus if we 
compare the Velocities at A and at d, they will be to one another 
as DE to 4p, for the ſame Reaſon. So likewiſe in the Deſcent 
the ſame will hold good; as for Example, the Velocity at e: is to 
the Velocity at f:: as 1 10: to /t; or er: ff, 10 7: f 5, ot 7 
5. 80 the Velocity at /: is to the Velocuy at 5 : as 56: tO 
8 WES WO 

. 2 2 R 0 L- 


mal but. 
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HzmNc x follows allo, that at equal Heights above the horizontal 

Line or Amplitude A i, the Body will have the ſame Velocity; be- 

cauſe it will then be in correſpondent Points of the aſcending and | „ 
deſcending Parabola, where the Tangents, having equal Obliquities 5 fl 
to the Parallels to the Axis, will have equal mA cut off by thoſe : 
Parallels wherever they are equidiſtant. 


"CORO LL ARMY: 5 | * 


Ir alfo follows, that however unequal the Spaces be that a Pro- 
| jectile deſcribes in equal Fimes, the horizontal Diſtances (that is, 
its Advances forward) will all be equal: in equal Times; but we 
have already. prov'd this another way. N. B. I don't mean that 
the ſame Quantity of projettile Force wil mate a Body go forward 
equally faſt; for that will vary according to the Angle that its Di- 
reftion mats. with the Horizon: but that if the Amplitude of the 
Parabola (or the whole horizontal Diſtance which the Body goes 
thro', whilll it deſcribes any one Parabola) be divided into equal 


Parts by Perpendiculars; the Body 7 g from one 5 ann cular to 
another in the ſame Time. 


4. IN conſidering the Motion of a Projectile, we have made the 
Line Ai a ſtreight Line, which would be ſtrictly ſo if the Earth | 
was flat; and indeed ſo much of it as a projected Body goes over, 
muſt be taken for fach-: but if the Force of the Powder, or what- 
cver throws the Body forward, was much greater; or the Force of 
Gravity: (that is, the Attraction of the Earth) much leſs; then we 
mult: conſider the Line A i as a Curve or part of the n Cir- 


cumference. 


As for Example; Toe ABCDE * _ ths e of the * pl. 24. 5. . 
Earth, and A F an high Mountain, ſuch as the Peek of Tennerif. 
| Now if a Cannon was fir'd in the Direction F L, the Ball would 
go forward in a Curve, for the Reaſons before alledg'd, 2 
as far as B, where it would come to the Ground. If the Force of 
the Powder was proportionably greater, it would go as far as C 
before it came to the Ground. Suppoſe the Force of the Powder yet 
greater, and the Ball would go to D: ſuppoſe it ſtill greater, _ 


* 


n 
7 9 þ? 
o 1 
% l 


LeR. V. the Ball would go to E, not falling to the Ground till it had gone 
He over two thirds of the Citcutnference of the Earth: Laſtly, one might 
1 ſuppoſe the Force of the Powder great enough for the Ball not to 


% 
Ez 2 


ah 1.Goure of E eee al As. 


come to the Ground at all, but to come to the Point F from whence 


it ſet out at firſt, and (the Cannon being removed out of the way) 


Orbit * it be the Force of Gravity or Attraction, 


to go continually round the Earth, at the Diſtance of about 3 Miles 


from the Surface of the Earth (chat is, at the Height of the Peek 


of Tennerif ) Gravity. only keeping it from going off from the 


Earth in a Tangent Line. Were the Force of the Powder greater 


than in the laſt Suppoſition, the Ball would 9 farther and farther 
from the Earth in a ſpiral Line. 


Ix the Point F was. remov'd ſixty Times farther Som the Center 
4 the Earth, or to the Height of 240, ooo Miles, that is, to the Di- 


ſtance of the Moon; then the Force of Gravity (or the attracting 


Force, call'd in that caſe the accelerating Force, of the Earth) 


would be 3600 Times weaker than at the Surface of the Earth; 


becauſe, as we recede from the Center of the Earth, Gravity de. 
creaſes as the Squares of the Diſtances increaſe : and the Moon being 
60 Times farther from the Center of the Earth, than the Earth's Sur- 
face, the Square of that Diſtance 60 is 3600. In ſuch a Caſe there 
would be no Occaſion for a greater projectile Force than that of our 
common Powder to make a Cannon- Ball circulate round the Earth, 

at the Diſtance of 240,000 Miles. The Moon itſelf may be conſi- 


der'd as ſuch a Projectile; for having once received an Impulſe in a 


Line parallel to a Tangent of the Earth, while it is endeavouring 


(by the Firſt Law) to keep its firſt (rectilineal) Direction, Gravity 


is continually impelling it towards the Center of the Earth, and by 


that Impulſe turns it out of the right- lind Direction of the projectile 


Force, and carries it continually round the Earth. Neither can 
Gravity bring the Moon to the Earth, becauſe the projectile Force 
ſtill ſubſiſting, always endeavours to throw off the Moon along the 
Tangent of its Orbit; and Gravity only alters the Direction con- 
tinually, whereby the Moon endeavours every: Moment to fly off 


along a new Tangent. Thus in every ant of the Orbit, theſe 


two Forces balance each other. 


5 RAT. Endeavour of the 3 or any 4 Body that 
moves in a Circle or any other curvd Orbit, to fly farther 
from the Center of its Motion, is call'd a Centrifugal Force; 
and the Force acting againſt it to keep the . moving Body in its 


- 0 


3 


LEI 


4 5 0 2 4 of 3 Phil oe oophy.. 


or a String, driving, impelling, or- drawing the Body towards the Leck v. 
Center of its Orbit) is call'd a. Centrripetal Force. Thus when aa 


Stone is whirl'd in a Sling, the Stone, which endeavours to. (and 


when one of the Strings of the Sling is loos'd, actually does) fly off 
in a Tangent to the Curve which it 4cſerib'd before, is hinder'd by 


the Strings to fly off of the Sling from ſo doing; that Endeavour is 
the centrifugal Force; and the Force of the Strings holding the 
Stone, is the centripetal Force. By the Force which endeavours to, 


but cannot really, carry the Stone in the Tangent, the String is 


ſtretch'd in a Direction from the Center of the Revolution to the 
Circumference. Let us, for Example, ſuppoſe, that the Body F 


faſten'd to the String M F A is whirl'd round in the Circle FIN: th, 24. F. 7. 


whilſt the Body, not held by the String, would have mov'd the 
Length F H in the Direction F G by the firſt Law, being retain'd: 


by the String it moves in the Arc F I, being brought down from 
H to I; the Line HI therefore may repreſent the Quantity of the 
| Centripetal Force directed towards the Point M; and the ſame Line 


IH directed from the Point M towards H, may alfo repreſent the 
centrifugal Force, both thoſe Forces being equal, otherwiſe the re- 
volving Body would not be kept in Orbit. For tho' in Orbits that 
are not circular, theſe Forces may increaſe and decreaſe (as ſhall 
be hereafter ſhewn) yet they both equally increaſe and decreaſe, al- 


ways balancing one another. N. B. The foifter a Body moves in 


its Orbit, the more is the String ſtretched, that is, the greater is the 
Centrifugal and Centripetal Force. If, for Example, F G repre- 
ſents the Velocity of the Body inſtead of F H, the Body will deſcribe 
the Arc FN infteadof Fl; in which Caſe. the Point N (where the 
Body is) being farther remov'd from the Tangent (at G, where the 
Body would go to by the projettile Force alone) the Centripetal and 
ung Force ys } be rep reſented 20 the Line G N, which 1 is greater 
ban H I. | 


ALL theſe will be further prov and aged by the follow- 


ing Experiments. 


by EXPERIMENT VI. Pl. 042 8. 


6. A BC D is a round Table which. may be waily turned upon | 


a Pivot, asat F, (the ſame that is repreſented by the 13th Fig. of 


Pl. 23.) There is a little Braſs Pipe ſcrew'd in at the Center C, Pl. 24. F. 8, 
into the Top of which the String of the leaden Bullet B is thruſt, lo 3 235 


as to go out at an Hole in the Side of the faid ſhort Braſs Pipe 3 


thence 
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e ee eee 2 Hole 6, 5 faſten's 


roy to a Pin in the Side of the Table at A. When the Bullet is laid at 


B, if the Table be turn'd ſwiftly round, it leaves the Bullet behind 
at firſt, which thereby appears to have a Motion contrary to that 
of the Table, till by the roughneſs. of the Surface of the Table, it 
goes round at laſt along with the Table on the ſame Part of the Ta- 
ble; then if the Table be ſtopp'd on the ſudden, the Bullet goes on 


ſeveral Turns, till having communicated all its Motion to the rough 


Surface of the Table, it comes to reſt at laſt, This illuſtrates the 
firſt Law of Nature; for as the Part of the Table under the Bullet 
leaves it behind for a while, becauſe it endeavours to continue in 
its State of Reſt, it would for ever leave it where it was at firſt, if 
the Table was perfectly ſmooth: and when the Bullet is once in 
Motion it would for ever go round on the Table, if (befides the 


Smoothneſs of the Table) the String that holds the Ball had no 


Friction at the Center C. It is alſo to be obſery'd, that the String, 
which is flack at C B, is always ſtretched as at C& by the Motion 
of the Bullet ; and this ſhews the Centrifugal Force. 


Ir we ſcrew a 27 Prop toward the Edge of the T « © as at 
D, and put the String of the Bullet into its Slit, ſo as to let the Bullet 
hang down as at 1, the Force of the Bullets Gravity may be ſo over- 


come by the Centrifugal Force, which the whirling of the Table 


produces, that the Bullet ſhall riſe to 3, the String 34 becoming 
horizontal; as the Table turns flower and flower, the Ball comes 


down' to 2, and ſo to 1 at laſt, Gravity in en as the Cen- 
trifugal Tce diminiſhes. | 


| Ex?E K 1 MENT VIII. Pl. 24. Fig. 9. 


Ir a String be tied round the Brim of a Pot full of Water, and 
the Pot be whirl'd round ſwiftly about the Hand or Center K in a 
Circle or Curve, of which AC B is an Arc, the Water acquiring a 


Centrifugal Force greater than that of Gravity, will not be ſpil- 


led when the Mouth of the Pot is downwards. If inſtead of the 


Pot, the Glaſs WC +, (Fig. 10.) containing Liquors of different 
ſpecific Gravities be whirl'd round the Center K, (after they have 
been confounded together by ſhaking) they will all recover their 
Places and Tranſparency, even ſooner than if the Glaſs containing 
them had been hung up and at reſt. The Reafon is, that as the 
different Subſtances in the Glaſs have the ſame Velocity given + them 
_ the Centrifugal Force, their Momentum will be as "heir 1 

0 


I 


1 
4 ®; 


g 05 ace tha = the — will Fen . up ef the Leg. v 

rent Matter which, they contain under equal — 

Bu ks,” Waden bs the common Velocity +: which the Centrifugal + L. 2 Nez. 

Focce gives. them, in the Line K C from the Center of the Motion 

towards the Circymlerence., Therefore the Glaſs, Beads among the 6 
Liquors weighing Ambre than; the , Niops of any of the; Liquors, 3 
will, have, the greateſt Alomentum, and conſequentiy go to the Part 1 
; remote from the Center of Motion K. Then the Drops of 
Olof, Tartar (which is the, heavieſt of the Liquors contained in 
& Gla 6) having for the lame Reaſon mort Momentum than the 
Drops. of 7. other ;Liguors.. (tho. leſs than the Glaſs Beads) will i 
take. up the Spacr T; next to! the Beads, and alfo fill theig; Inter ſtices. ; 4 
The next Liquqp which is Oil of Peter, will fil up the Space P. [ 
And laftly, tbe, Hpirit of Wing, whole Dtops are che lighteſſ, 4 
(natwithſtanding its own Centrifugal Force) be brought neater to = 
the Center of Motion, and occupy the Space W.;- becauſe the Beads 
and all che other e es e more Momentum, drive it from the | 


End Cii to it has a, Tendency all Wambel N. B. Te Tube 
h a er . Endi. . 22 is bevy YC 7 <Q 215 [3 Fs! — 


: . 
wa 4 4 14 Aa of 


iP G8? Beads, ho AK Li wor, i TY in. _— _ 
pu . n he Tube, is hung 1 1 5 „as all . | | 
downwards. ds. a bs ſame. 9 4, 1 3 6 Sh Particles · L. 1. Ne 8. 
of e qual Bal : be as their reſpe ave Quantities ,« of Matter in 
FE Deſcent : 2 that the Liquors « will not be ſo ſoon ſettled in 
this Caſe as when, abe Tube is Whirl'd round, is becauſe we can. 
give as great a Velocity as we pleaſe in the Direction K C, by 2 | | 
| hs a F ores > Whereas that ke is owing to ren is always 8 
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kel it nen ber a Bottle of 400 Lig or. Lehe 225 harins 
been ech, is by length of Time become guy and is Ea made ; 
foul by ang). may one be brought to ** ne ba At cee 1 
V 1 


12 ET NIALUT Vi. Pl. 2 4. Eg. . Lb e 3 


Join by a String the two Balls T and M, * whoſe Weights pl. 24. F. 11. 
are 1 one another as 4 to 2, (here we uſe a two Ounce and a 


rde eng 


5 7 1 a 


„L. 2. Ne 


11. N. 


Lea: v. ; r Vega | 
Sy of "the nige Pipe ing kes | 
Centet to Centertof the Balls; be 18 Inches, and the Diſtances 'of 


Pals the" String thro” the Ande- F 
Op ler the Length 61 ihe Stri vring from 


the Centers of the Balls from the Center of! the Table ge reci 


cally as their Maſſes: that is, the Center of the two Ounte Ba 'M 


muſt be at the Diſtance of 12 Inches from E and the Center 0 the 

fonr Ounce Ball Tat & Inches from C. Let the two little" 

or rectangular Pieces 8 5 and V be fixed on the Table, at che Di. 

prog of about 1 Inch or 2 behind the Balls, to ſtop them from 
ing off of the Table, and the long Sides of thoſe" Pieces fo fix'd. 
Aae orig the Table of made to turn” in the Direction 

marked by the Date, the Balls may not be left behind, but imme 


diately put inte Nistion. Not jet the Table be hire round 


with any Velocity; and) tie Balls will remain at the Points T and 
M. and a describe round their common Center of Gravity EN 
Circles „ in reciprocal” Proportion of the Maſſes, che Mymenta | 
given the Bodies by the Centrifugal Force being equal, 'and'(becaiiſ 
of theit contrary DireQtions) deſtroying” one another. But if-either 

of the Balls be removed farther from C that in the retiprocal Pro- 


| — —9 above-mentioned, that Ball will — recede. from. the 


enter of Motion and draw the other TE With it, ilk it be ſopp'd 
by the End of the Piece Vo or 85. 80 l Earth and  Mooy turn 


round ond another and round their c minor, Center « of, 45 s 


bas e e 
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Lr ET RY Table be put into an ki whit s Mon ind 
ull 


Hh Motion continued (which may be beg, by a Wheel and 


hereafter to be deſcrib a 880 de e time let a Piece of Chall 
be drawn preſſing upon the able in the right Line CP; and there 
will by thoſe two Motions be deſcrib d. he ſpiral Line C DEF: P: 
. 5 the Table be mov d again in the ſame Manner and the ſame 
(as mark'd by the Dart) and at the fame time the Chalk be 
ell on” the Table in "ths ſame Line P, but with. conn 
Direction, viz. from P to C, there” wilt be eſetibed * anot 55 *Spira 


like the former, but drected the contrary Mer as is ſhewn by 


the MES d Lite. 
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„ne it fellows, that if a Body. that, How: 4 Convifagel Force, 
whereby it ecedes from, ora Centripetal Forge; vchereh it accedes 
to, the, Center of its Mation,. atthe ſame time be carried tound by 
a Force that gives it a circular Motion; it will fly from the Canter 
in a ſpiral 18 i * 3 Gaben ad 58 to the Centar i in enen La 


in he en 


** . . > - , 1 13 5 
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ON (Ph of Wola” AEK Which has a Piece MY it rk . ( Fang, 
to 0 ras. up its broadeſt End AE to ag Angle of . 15 or 20 Deg 8 
above the horizontal Poſition, are faſten'd 3 Tubes A K, C K 12 

E K, ſhut up at both Ends. In the firſt 1 is a ſmall Cylinder 

of 8 which can eaſily ſlide up and down the Tuve ;. in the 

Tube K there. i is.a "Feds Cylinder of Lead "moveable | in the {a1 ame 


manner: "and in the Tube E K, there j is an Inch or two of Quick- 


ſilver ſhut up. This Board has à Screw under it, which going thro” 
one. of the, Holes j in the Table, (ſuch as are mark d A and B. ia 
Plate 23. Eg. 1 *. is faſten d by a Nut ſo as to join the Boat #8. 23.F. 3. 
of Tubes firmly. to the Table. Then when the Cork, Lead, and 
Quicklilyer | ate in, that Part of the Tube next to the Center of Mo- 
tion K; let the Table be whirl'd round, and thoſe Bodies will 
after a few Turns be carried to the Ends of the Tubes, » eb are 
a from the Center, tho 3 or 4 Inches higher than t e Ends 
Put on the Tubes B K and Pk. the firſt; of which being 
Gill q with Water, has a Cork Cylinder moveable in it; and the 
other has in it an Inch or two of Gil, the other Part of it being Full 


of Water. At firſt, (when the Table is at Reſt) the Cork and the 


Oil will be at B lad D, the hi igher Ends of the Tubes, and fartheſt 
from the Center; but when Table is whirfd round, the Cork 


and the Oil will go towards the Center to K, becauſe. the greater 


Centrifugal Foree of the Water (being greater. than either that of 
the Cork, or that of the Oil) muſt give the Cork and the Oil a 
Centripetal Direction, as has been explain d in the e of 
the different * the Glafs of Fig. 10 “. l. 24 F. ic. 


7. Monſ. Des Cartes endeavour d to explain the Me tion of the 
Pang round the Sun, by a A 5 or Whir]pool. of eleſtial Mat- 


ter; 


0 
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Lect. v. ter; n that the Sun by win about bis Axis, gave e cir- 


3 n don to all the Celeſtial Matter" about it as far. as Sa. 


turn and beyond; and that this Whirlpool of Matter (in French, 


Furl being / without" Vacuity (for de aſſerted a Perun) car. 


I might i in the ſame manner be. carried round, in e Heavens. 7 


** 
— 


Vertices, we ſhall find. it © 


of th 


fugal Force of the Water gave the Co 


ried the Planets" along with it; and ſo was the Cauſe of their 


Motion rund the Sun. Feople- at did not give tkerſelves the 


trouble td examine Things thoroughly, believ d the Vorlices to be 
the Cauſe of the Motion of the Planets; becauſe, where there 
are Whirlpools in Rivers and Brooks, we ſee chat Straws, little 
Sticks, Saw duſt, and other light Bodies, are carried round as they 
float; and therefore it was thodght very probable, that the Planets 


if we apply Experiments and Obſervations to the Doctrine of the 


5  inſuffich ent for if ning the tions of 
the Planets. by e es 1 955 | vt Pla Mori 
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"In the ern het, ven fop poſe the" Planets to 1 85 dener Ban 
the Matter of the Fortes; 1 BY Md the fa Ame. Thing Ne nn 


to them, as happened. to is the Cork, or the Lead, or t e Quick- 
ſilver contained in the Glaſs Tubes, and whil'd, round on the 


* -* 0 27 
* bo 


5 Table. For the Tubes full of Ait being carried round, contained 


Part of a Vortex of Air, where the Bodies, carried in it were of dif- 
e ecifick Grivities, but all f. pecifically heavier than the Parts 
Vortex; and, thoſe Bodies mov: 0 round, and at the fame, Time 
agitated by a Centrifugal Force, did continually recede from the. 
Center of the e going off from it in a ſpiral Line. Fladen 
therefore ieee Ma ei "Har the Parts, of the Vortex, would 
continually recede from e Sun, moving off in a ſpital Lins. Since 
this won't do, let us ſuppoſe the Planets all rarer than the” Matter 
of the Vortex; and the Ssgheguence will be — That as the Parts of 
the Vortex are denſer than the Planets, their Centrifugal Force muſt 
give the Planets a centripetal Direction, and ſo make them go 
continually towards the Sun in. a ſpiral Line, till they fall into it; 


after the Manner of the Cork and the Oil! in their telpectixe Tubes 


of Water, where it appeared by_ the 14 855 that the Kg 
and Oil a contrary en⸗ 


dency, whereby they eee d towards the Eng ina 
__ Line. 


Tae. remains only no for dhe S0 pport of eee By 


potheſis, to Laan that ' Planets ATE, of We fame Denſity as the 


Parts 
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ortex, (and indeed, if there was a Plenum, as Monſ. 


arts of the 


would be no ſuch Thing as different ſpecifick Oravities; for all Bo- 


nets making up Part of the Vortex itſelf, move along with the 


at laſt, the whole Vortex will move round like a ſolid Body or 
Sphere, the Parts moſt remote” from the Center making their Re- 
volations in the fame Time as thoſe; which are neareſt; which 


Des Cartes ſuppoſes, all Bodies muſt be equally full, and there 


dies of the ſame Bulk, having the fame Quantity of Matter, would Pl. 24 F. 2. 
weigh equally) and in that Suppoſition it will follow, that the Pla- | 


8 PROD - - ( £365 oat ern af 7, a 8 f 
3 the Vortex next to them: and tho' at firſt ' thoſe Parts of 
ortex which are neareſt to the Sun will move faſteſt®; yet * Ann. 2. 


mult be the Cohſegdenee of a Phun. So that all the Planets | 


would at ien haxe her periodica] Times egen which is contrary 
to Obſervation ; for the periodical Times of the Planets Revolutions 


are all different. Mercury, the neareſt to the Sun, performs his Re- 


volution almoſt 126 Times ſooner than Saturn, the moſt diſtant, In 
« VO. , 8 ORR ond ROS 


viz,, The Squares of tb Periodical Times of the Primary Planets 


round the Sun, and of the Satellites round Jupiter and Saturn, are 


ky 


as the, Cubes of their Diſta 
BACK eden. 


nces from their reſpective central 
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8. Since then the Carteſian Hypotheſis is inſufficient for explain- 

ing the Cauſe of the Motion uf the heavenly Bodies; we muſt ſhew 
what is the real Cauſe, and that not from Conjectures, but from 
Obſervations and Experiments. That Gravity, or an Attraction 
towards the Sun, keeps the Planet (or even the Comet) in its Orbit 
about the Sun, (and likewiſe the Satellites about their Primaries, 
our Moon alſo being the Satellite of the Earth) whilſt the projec- 
tile Force is continually endeavouring to throw it off along the Tan- 
gent, will evidently appear from what we have already faid; and 
from Conſequences of the ſecond Law of Nature, which we u are 
going to explain, having firſt ſhewn ſeveral Laws relating to central 
Forces by the following Expetime ns. 


But we muſt firſt deſcribe the Machine for the making the Ex- 
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CABDHGKEF, triangular at Top and Bottom. On the hori- 


zontal 
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Forces conſiſts of a ſtrong wooden Frame Pl. 25. F.. 
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Top 


as 3 to 2; becauſe in che Pulley K there are two Grooves, one 


A ther 
There . 


ings with Holes in them, to 


75 
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ceive the Bottoms of the Spindles. 


of the Planet- bearing Pieces, divided into Inches both Ways from the 


Center. Bb is the perpendicular Braſs Plane at one End, thro 
which the horizontal Wires Wu, Wi paſs, to carry the Planet 


P by its perforated Wings LL; whilſt the String that goes thro' 
the Middle of the Planet is made faſt, by thruſting in the little Pin 


P, to give the Planet any certain Diſtance from T, the Center of its | 
Motion before it is moved round by turning the Wheel G, (in Fig. | 


1.) 8s repreſents the Section of the Braſs Tower faſten d to the 


Wood by a. croſs Pin, whoſe Head is ſeen at s. T is the Baſe or 


Plate which is to ſupport the Weight- carrying Piece, which is re- 


'tPL25.F.4- preſented at Fig. 4. + and conſiſts of a circular Plate and hollow 
Stem of two Ounces Weight, and on which may be ſlipp d 3 
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wal Leaden Weights like x. Fg. f. As T all (i. 2) nay be Led. v. 
ſeen the little Pulley under which the String goss . 


| by Fl. 25. F. 5. 
Tux 3d Figure + is a vertical Section of one of whe path Towers #Pl.2;-F. 3. 
Ss, with the Weight X and Weight-carrying Piece X x in it, and | 
Part of the Planet-bearing Piece, Pulley and Spindle under it, 
mark'd MN. One little Pulley is faſten'd to the Wood at T un- 
der the Plate on which the Weights ſtand ; another is ſuſtain'd by 
an Iron Arm VS over an Hole 8 in the Top of the Tower. 80 
that the String coming from the Planet P, goes firſt under the Pul- 
ley T, then thro the hollow Stem of the Weight- carrying Piece, 
and I thro the Hole in the Top of the Tower, then over the Pul- 
ley 8, ſo down again to the Top of the Stem of X, where it is 
falten d. By obſerving this Figure, one may eaſily ſee that if the 


Planet P be moved ever ſo little in the Direction P Q, = "© Ber 
bearing: Piece X will be rais d up adobe: 8 


+} 


Tan "whiding. Table, which: we have 8 W 6 0 * far . 185 F. 13. 
making ſeveral Experiments, is beſt turn'd round by ſcrewing on to p. 5 |. 24. 


the Top of either of the ee L. K or et even o the Planet- 13. = 77 | j 
bearing Piece MN or mn. 4 


5 . ſixth Figure repreſents the Section of the: Wheel and Par * Pl. 25.F.6, 

Ks the horizontal Piece, the upper Part of the Frame which carries 

the Wheel, and the upper End of the Piece that ſupports it mark d 

LLL, the Wheels Axis and ſquare-fliding: Collar g, which is mw- e. 
able on the ſquare horizontal Iron H I, faſten d to the Wood by a 

Nut and Pin at I, and roo VidodiBaicwn Hh, N. B. There is a 

Screw, in che ſliding. Piece g, to fix the. Center hi the Minas aw it 

1s eee in kek du 200i WE 


"THO"; it. be ee Grnfegmence of * you Bignch the Mochive above | 
Rf dot 4s... mage, . provided_ its ' Parts are « proportional; yet for the 
ake of thoſe who would have ſuch a Machine made, I give here the 
Meaſures Y the ne Fe, of m mine in Enguth, Inches. 5 


5. Aus 8 * . n 2270 1 1811 
0 Th 0M. e 18 "Plate AS; Fig. 70 
19410 DAInot Sy ©; "16 
Bub Thickoef of the Wood every-whers: about one + Inch, excep Pl. 25. F. 1; 
the Feet at A and D. yr nigger is $2 mien N 
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Diameter of the Groove of the Wheel ” NPY Jeched! N bak 

Bteadth of the Planet-bearing Piece VI Nor n n 3 Inches. | 
. SGtooves of the Pulley K, the one 2, and the other 3 Inches 15 
S .,rcoves of H, the one 6, and the other 3 loches. Sr 364i? 
The Height AK = H D= iz Inches. | 
agen, of the Towers s or 5 above un Board! M N, esl In- 

ches. ds 91 tlie | 
| Breadth of the Towers = = 3 a 5.91 Salo ol... raed; 
There are 4 Braſs Planets: — vic of, two 'of which weigh 

| each 2 Ounces Troy, and the two other 4 Ounces Troy each. 

„ a The Weight- carrying Plate and Stem weighs 2 . and 
8 eich Waben K ee 5 ge eas 35 2 7 80 e 2 ces 
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1h What is v be of in the Ujpof the Abi. 


9. TEN Weights in each Tower are to repreſent the Sun, MR 
Attraction is ſhewn! by the Force with which the Weight refiſts/ the 

Action of the Ball P or p (repreſenting a Planet) that endeavouts 
Pl. 25. F. 3. to raiſe it by the String PT S* + (Hg. 3.0 when it *teceives a 
Centrifugal Force by turning the Wheel 05 80 that by putting 

equal or unequal Weights in the Towers; by uſing equal or un- 

equal Planets as P, or p; and by having their? Diſlances equal or 

unequal in different Proportions; aud the Periodical Times equal or 

unequal (as the Wheel-String goes round equal or unequal Pul- 

leys) we may by Experiments few! "thoſe Laws of central Forces, 

which Sir Laac e here TTY, demonſtrated in his 
Principia. 
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IN SOS Tees Be the Sat 8 of Bodies thr. Example, of 
the Primary Planets in reſpe& of the Sun, and of the Moons in 
reſpect to their Primary Planets). which move round other Bodies 
that have an Influence upon them; we are to obſerve three 
Things. 1½, The Periodical Nine, t or Times in which the 
Bodies perform as Revolution. 2dly, T he Quantity of Matter - 


— 


Center of the Revolution. $204 und 
ExTTRIM ENI xx, © 


Flxsr, make We | pericdical Times eu, by putting the Wilet- 
Strife into the 3 Inch Groove of each Pulley, Tong it before each 
Pulle) to give it the more Force to move the Pulleys, but ſo that 
the Pulleys may both turn the ſame way that the Planet- bearing 
pieces may not unſerew. Then put only the Weight- carrying 
Piece in each Tower: and laſtly, faſten to their Strings a 2 Oùnte 
Braſs Ball, as P and p, at the Diſtance of 12 Inches from the Cen- Fl. 25. F. 1 
ter on each Planet- bearing Piece. So you will have the Periodi- 
cal Times, the Quantities of Matter, and Diſtances from "the 
Center equal. Give circular Motion © to the Wheel G, and the 
Planets by their centrifugal Force will raiſe the Weights 8 and s 
at the vety fame Inſtant of Time; which ſhews, that in this Coſe 
the tentrifilgal Forces ere "equal. N. B. 5 en ach Weight-carry- 
ing Prece ou put or unf or two, or Wore | Weights, (ſuch as are 
exprefs'd. by Fig. 5.) the® Planets will $6 wage — 1 the fame 
* er che Berl be Hind proportionally 7 ar, as there 7s 
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src N loſtead of p put on a 4 Ounee Ball, and d double the 

Weight in the Tower 3; then turn the Wheel, and both Weights 
will riſe at once. This ſhews, that-when the Quantities of Matter 
in Planets are unequal, but the Diſtances and Periodical Times flill 
remdin e, be en e Force 160 . her 45 ami 
of 1 * . .aio 132% j + 2 | 
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THIRDLY, Take off the 4 Ounte Bal, And W uſe of 5 again, 
but put it only at 6 Inches from the Center. Take the additional 
Weight from 5; and add it to 8; that is, Jet che Weight 8, which 
bas Pat 12 "Inches Diſtance, be = 4 Ounces; and the Wei aht 5, 
which has 5 but at 6 Inches Diſtance, "be wn Ounces: then upon 
turning the Wheel, they will both fife at rhef ſame Time, Henc c 
it is plain, that , the Periodical Nes, au the” Stunt 9 


Vox. I. Tt | Matter 


N 
|; & 5 . 


© bad v. Matter continue the wi but he Dll, are + dirs the centrifuge 


4 Forces will be as the Diftances. move) a1 16 45! 
EXPERIMENT. XIV. 


een at the Diſtance of 6 * where b was laſt, 
change p for a 4 Ounce Ball, and put equal Weights in the Two 
Towers; then when you turn the Wheel, both Weights will riſe 
at once; which ſhews, that when the Periodical Times are equal, and 
the Diſtances from the Center reciprocally as the Rene f Matter, in 
the 1 8 the . Forces are egual. 


5 I 


EIA 2 . Sol 


ber, e che String on the. Pulley H, ate it, into the 
G1 of 6 Inches Diameter, ſo that the periodical Time of the 

Planet ꝓ may be double that of the Planet P, which laſt will then 
move twice as faſt, if its Diſtance be the ſame from the Center, 
which it muſt be in this Experiment. Put 8. Ounces in the Tower 
SQ, and only 2 in the Tower s g, the equal Planets P and p being 
then each at 12 Inches Diſtance * the Center. Turn the Wheel, 
and both Weights will riſe at once. This ſhews, That Planets 
that have an equal Quantity of Matter and the ſame Diftance from 
the Center, but different; en Times, have their centrifugal 
Forces reciprocally as the Square of their Pertodical 77 imes; that i fe, 
"_ as the 1 * „ 4 ot 


7 


COROLLARY. 


N follows, that if the ſame Planet changes i its Velocity in 
the ſame Orbit, its centrifugal Force will increaſe or decreaſe ac- 
_ cording to the Square of the (pr Ws the Planet has 1 in that 
Part of is its Orbit. re 


5 


I SCH 0 LI UM. 
e we compare the laſt een with the. 1 13th "SY 
| ment, and find that the Planet p (going round in a Circle of 12 In- 
ches Radius at the ſame Time. that P went round in a Circle of 6 
Inches Radius,)  rais'd. twice the Weight becauſe it had twice the 
Veen J it-will peer char in the laſt n (on 

OR going 


Ac g Euperimeinal Phiooply. za 
P ( gang + twice oe the a : Circle of 12 En Radius, whilſt p goes Lect. V. 
once be ſach a Circle) has but double the Velocity of p, it ſhoulg ——v—— 
now raiſe four times more Weight. But this Proportion (which is 
of very great Uſe in explaining the Motions of the heavenly Bodies) 


will be very G's deduc'd from a Gonkccration of the F 1 1 0 
and what we have ſaid upon it. 


RounD the Body ſuppoſed at M + (Plate 24. Fig. = or the t Pl. 24. F. 7. 
Center M, let a Planet revolve in the Circle FIN; it is plain, that 


when it deſcribes the Arc FI, its centrifugal Force is repreſented 

by the Line HI: Then if the ſame Planet be ſuppoſed to deſcribe 
the Circle i in of double the Radius, in the ſame Time, it is evi- 

dent that it will have a double Velocity, and conſequently will de- 

ſcribe the Arc /n in this Circle in the ſame Time, that it deſcribed | | 
F I in the little Circle; fo that now g n, which is double of HI or I 
h; (becauſe the Triangles Fg M and F HM, as well as the Arcs fn a 
and FI are fit milar) will repreſent the - centrifugal Force to be dou- 

ble of what it was in the little Circle. But if, inſtead of going in 
the great Circle, the Planet doubles its Velocity by going twice 
round the Circle FIN in the ſame Time that it went once round 
before, it will deſcribe the Arc F N, of twice the Number of De- 
grees, inſtead of FI; and as the Arc F N (tho of the ſame Length 
is twice more curve than /n, the Planet at N will recede from the 
Tangent twice as much as if it was at u, conſequently: four times as 
much as when at I with half the Velocity. Therefore the centri- 


fugal Force at N : will be to the n Force at L: :as GN: 
to HI; or 884.2 to 1. | | 
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„ This holds good 5 in ſmall CE as FI and FN 125 
ſuppos d; but N it is only to be con der in fuch, | 


s n 
5 r e 


Turkx are many more = Experiments: relating. to central Forces 
to be made with this Machine; but theſe are ſufficient for our pre- 

ſent Purpoſe. However, for the ſake of the Curious we ſhall men- | 1 

tion a few more in N Notes . f krional + Ann. z. | 
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Force is 1 


Ir any Force generates a Moto, a double Force win generate 
double the Motion, a triple Force triple the Motion, 'Sc. whether 
that Force be impreſs'd all together and at onee, or vally and 


% 


| ſucceſſively. And this Motion (being always directed the "fame 
way with the generating Force) if the Body mov'dbefore, is added 


* Pl, be Fog 


to or ſubtracted from the © former Motion, according as they di- 
rectly conſpire with, or are directly contrary to each other; or ob- 
liquely join d when they are oblique, ſo as to e a NEW Mo- 
tion ens 1 eee; from the Dare of botk. g 1 

1 b b Hache Body 4 * Nebels an Impolſe in. e ee AL, 
ſo as to go thro any determinate Space in a determinate Time; as 


for Example, the Space AB or one Rod (76 = Feet) in a Second 


Minute of Time. The Bay will, according to the firſt Law, by 
virtue of the Force 'impreſs'd; o on uniformly thro' the Spaces 
AB, BC, CD, DE, EF, FG, 61 „HI, IK, KI, Gk. ſo as to de- 
ſeribe each of them (ſuppoſi og thein all e qual) in a Second, and fo 


on in infinitum. Now When the Body is in Motfon, if the ſame 


Force that acted upon it at firſt, or one 2 to it, ſhould act up- 
on it again in the ſame Direction, when it is at B, for Example; 
then would the Body be carried thro' a double Space, . viz. the 
Space B D, in a Second, and fo thro DF, FH, HK, &c. in every 
Second, that is, with donble Velocity ; becable! whilſt it was going 
on at the' Rate of one Rod in a Second, it receiv'd an Addition of 
Force capable of making it go alſo a Rod in a Second, and con- 
ſequently that Addition of thoſe two Forces that conſpire give the 
Body a double Velocity. If the Body in motion, when at B, 
had received the ſecond Impulſe by a Force double” of the firſt 
Force, it would after that Impulſe go on in each Second thro' the 
Spaces BE, EH, HL, Sc. that is, with a triple Velocity. It after 
receiving the Second Impulſe with a Force equal to the firſt, 
while it is going on with double Velocity (for Example, thro' the 
Space BD or DF, Sc. in a Second) it ſhould receive a third Im- 
pulſe (Rill in the ſame Direction) equal to the firſt, then it go 
rom 


of 5 0 ö | . 0 Kuh rim { mal Philefophy. | 325 
from D to G, and fo on from G to K, &c. every Second of Time; Le&. V. 
that is, with a triple Velocity, after three equal Repulſes, juſt as it S. 5 
would do after two unequal Impulſes in the Proportion already ex- 
plam'd: as it would alſo do if it had receiv'd but one Impulſe at 
firſt, but three times greater than we then ſuppos'd. 5 


[5 


12. Ir, whilſt the Body by the Force impreſs'd is (by the- firſt 
Law) going on uniformly thro' the Spaces AB, BC, Sc. a Force 
equal to the Force impreſs'd ſhould act upon it in the Direction 
LL A (that is, in a contrary Direction) the Body would loſe all its 
Motion, But if this laſt Force ſhould only act upon it after it had 
receivd ſeveral Impulſes according to the firſt Direction, it would 
only deſtroy ſo much of the Motion as its own Quantity of Force 
would be capable of producing : for Example, if the Body, after 
three Impulſes, was going on thro' the Spaces DG, GK, Sc. that 
is, 3 Rods in a Second, and then it ſhould receive a fourth Impulfe, 
but in the contrary Direction, it would only loſe ſo much Motion 
as to go thro' but two Rods in a Second, and continue to go on 
uniformly with that Velocity, juſt as if it had receiv'd but two Im- 
pulſes. Again, if when it is going 3 Rods in a Second it ſhould re- | 
ccive two Impulſes at once equal to the firſt, but in contrary Direc- | 
tions, one in the former and the other in the oppofite Direction; thoſe | 


Forces would deſtroy each other, and the Body would ge on uni- | 
formly with the ſame Velocity that it had before thoſe Impulſes, i 
vix. 3 Rods in a Second. N. B. Ve don confider any Elaſticity c 
that the Body might have. ** EE, . . | 
13. Now, let us once more ſuppoſe the Body to be going on uni- - 
formly at the rate of a Rod in a Second, or thro” the Spaces AB, BC, | 
Sc. Suppoſe when it is at E, a new Force equal to the firſt (or ; 
equal to the Force which the Body has then) ſhould act upon it in 
the Direction E e, or at right Angles to its preſent Direction AL; x 


the Body would change its Direction, and move (as has been ſhewn) 
in the Diagonal Ef of the compleated Parallelogram Ee f F. If + L. 3. R- 
the new Force had been double, then the Body would have gone 25 Ng 5 
in the Diagonal E f of the double Parallelogram Ee f F. But if tge 
new Force had been only equal to half of the firſt Force impreſs'd, 
then the Body would only have gone in the Diagonal E @ of the Pa- 
rallelogram EE F. . rn 5 


RD, 
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Pl. 25. F. 7. Hence it 8 chat let the Quantity of. the new Force be 
what it will, if it acts at right Angles, the Velocity will be greater 
| than if the Body had continued in its firſt rectilineal Direction; 
11. z. Ne becauſe (as has been ſhewn. +): the Body by the Action of the two 
25 and "28* Forces deſcribes the Diagonal in the fame Time as it would have 
95, 29% deſcribed either Side of the Parallelogram by the ſingle Action of 
one of the Forces; and in the Parallelograms E 9, E/, E f, the Dia- 
gonals are longer than the Sides, as they ſubtend the right (that is, 
the biggeſt Angles) of the rectangular Triangles E Fe E F , and 
*By 19. 1. EF f *. N. B. Mben we make Uſe of theſe Words the Force impreſſed, 
Eo. or the innate Force, ue mean the Force which the Body has when it 
is in Motion, without conſidering what firſt gave the Motion: That is, 
we mean the joe; Thing that Sir Iſaac Newton aal V's e 


COROLLARY I. 


* 


1 follows alſo, that if the new Force as at acute Angles, 
its Effect will be more conſiderable the acuter the Angle is; but it 
will never increaſe the Velocity of the Body ſo much, as if acted 
at no Angle, that is, in the ſame Direction. For Example, ſuppo- 

ſing the new Force equal to the Force impreſi d, and its Direction 
to be in the Line Fg, G Fg will be the acute Angle made by the 
two Directions. Now it is evident, that the leſs the Angle G F g 
is, the greater will be the Angle F Gg, and conſequently the Dia- 
gonal Fg (expreſſive of the Body's Velocity) which ſubtends that 
Angle will alſo be greater: But whilſt there is any acute Angle at 
F, there will be an obtuſe Angle at G, and G F g will be a Triangle 
in which one Side Fg will always de leſs than the two other Sides 
a F g and Gg , which are equal to the two F G and G H, through 
5 which the Body goes, when the two Forces act in the ſame Dir 
rection, in the ſame Time. | 
COROLLART, III. 1 1” 
I x follows likewiſe, that the new Force may a upon the Body 
in ſuch a Direction, that the Body will not be accelerated thereby; 
nay, ſometimes retarded. For if the new Force neither conſpires 
with the Force impreſſed, by Ain at acute Angles with er Di- 
ions, 


rections, nor as at r . with: it; oY Body may keep its Leck. v. 
Velocity, tho' in a new Direction, nay even go flower: when the Pl: * 
new Force acts at obtuſe Angles. Let us, for Example, ſuppoſe MINED 
the new Force, equal to the Force impreſs'd, to act when the Body 
in Motion is at K, in the Direction K k, ſo that the obtuſe Angle 
LK k may be of 120 Degrees: then will the Diagonal KI of the 
Parallelogram KK 1 L be equal to the Side K L, becauſe K LI and 
Kk 1 are two equilateral Triangles, and therefore: the Body will 
have the ſame Velocity as before. But if (every thing.elſe remain- 
ing as we have ſuppos d) the new Force ſhould be leſs than the 
Force impreſs'd, as for Example, only equal to half of it, the ver-. | 
locity of the Body would be diminiſh'd: for then K & would re- br | 
preſent the new Force, and K / would be the Diagonal of the Pa- | 
rallelogram (which would now be KL IAÆE;) and K 1 falling from K. 
one Angle of an equilateral Triangle, upon the Middle of its oppoſite 
Side, would be ſhorter than any of the Sides; therefore, Sc. If the 
new Force was more or leſs than half in any Proportion, the Velo- 
city of the Body would indeed be lefſen'd, but not fo much; for 
then the Point / would fall between LI, or between , and in aa | 
_ of thoſe Caſes the Diagonal would be longer than KI, becauſe K 
is perpendicular to L I, and the ſaid Diagonal would be nnn, to 
it, therefore longer, tho Rill ſhorter than the Side KEB... 


Ir the new Force had been greater than the Force 3 
for Example double, the Body great (ſuppoſing the Angle of Ap- 
plication the ſame). would increaſe its Velocity by the Action of it; 

for the new Force being repreſented by K 1, the "Diagbnal or Velo- 
city would be K 2, longer than K L. But then if the Direction of this 
greater Force (ſuppoſing it now diminiſh'd. in the Proportion of L 2: 
to Lk) ſhould be more oppoſite to the Direction of the Force im- 
preſs d; that is, if the Angle LK 1 ſhould be increaſed, for Ex- 
ample 30 Degrees more, ſo as to become L K 2, then the Body 
would not change its Velocity with its new Direction, becauſe it would 

go in the Diagonal K k, which is equal to K L. Nay, if the Angle 

of Application ſhould be greater than K L 3, or of more than 150 
Degrees, the Velocity of the Body je een the new- 
Diagonal bacoming ſhorter than K k. | | 


Ir the new Force was only RT to the Force impreſs d and its 
Direction K 4, that is, if the Angle of Application ſhould be of 150 
Degrees, the, Velocity of the Body would be diminiſhed by near half, 


the Diagonal K 5 being then but a TY more than LOWS of 1 ) | 


Les. v. (=K L). . it eee - #9 ange K * 55 ai hy is as half of 
ee the Angle K LI. N. B. e, the Angle of Application and Qian- 

- * N tity f the new Force, we, may always know, woat ll be the Yelacity of 
| the Body after the. Aclion of the new, Force; | becauſe the . Diagonal (oh 


besos it, is fways known ; as it is one Side e Triangle, in which 


| tavo Sides NA A the io. Forces are. given, and the. Angle be. 
' + By 15. and feen them, and conſequently the 34 Side . obiab is the ſaid Dia- 


18 Euclid. nal. The. Angle. known does always. containe the N umben of Degrees 


= that the Angle of Application wanls , 180. Thus in the Triangle 
| Kk L, where KL and L¹E (K 3) repreſent; the Forces; 3 (becauſe 
* By 29.1. Of the Parallels K 3 and Lk) * 5 Angle K Lk is equal to IK 3, 
Euclid: which LK 3 want of 180, Degrees ; - and conſe cquenty the Dia- 
gonal K k, para ſubtends that Angle, is known... + 

14. Ir has been obſetved, that when a Body falls ducing: one 
Second of Time, it goes thro a Space equal to 16. Engl % Feet, or 
one Rod, as we have already mentioned **; therefore the Force im- 
preſſed by Gravity at the Beginning of its Fall (conſidering Gravity 
only as a, Blow) is capable of making the Body go downwards at 
1 By the firſt the rate of one Rod in a Second , tho it ſhould: act no longer 
Law, Page upon it than during the firſt Second; that is, tho the Body ſhould 
5 RA ; for ever after ceaſe. to be heavy. For example, if the Body A 


falls thro' the Space A B during the firſt Second of its Fall; 1 hen 


it ſhould ceaſe to be heavy, yet it would go through the Spaces equal 
to AB during all the ſucceeding Seconds of Time, vis. thro" the 
Spaces Br, c D, De, ef, G, G b, hi, 1k, EL, Se. Bat as the 
Body does not ceaſe to be heavy; we muſt conſider” the Action of 


Gravity as an Impulſe given by a new Force equal to the firſt, act- 
ing downwards when the Body is got to B at the Beginning of the 
2d Second, and the Body during the 2d Second will gothrouph the 


Space BD double the Space AB,” or equal to the two Spaces Be 
and .cD. Then if the Body ſhould ceaſe to be heavy, it would go 
uniformly thro' the double Spaces D , 755 &c. every Second; but 


Gravity acting upon it alſo at the Beginniog of the 34 Second, when 


it is at D, ſuperadds a Force able to make it go thro a Spate" equal 


to the firſt A B in a Second! conſequently it will 'go'thro'"3/ Spaces 


or Rods (or thro' a Space DG equal to 3 Rode) the 3d "Formed, 


At the Beginning of the fourth Second, Gravity acting by a a fourth 


Impulſe eee a Force equal to the former, wa it will To 


as Bochen in revlity only fall 16 Engl a _ t Feet) gives us fack a gh as ko a- | 
void Fradtions in the Examples of the Caleu- | 
£4: 01) 


Feet and one Tenth of a Footin a: Second; 


but'we call that Space here 16 and a half Feet; lations that we give. 1. 
becauſe one Rod (wh ich i is a Meaſure of 16 and 1 
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4 Courſe of Experimental Philoſophy. «529. 
the Length GL, that is, four Rods or Spaces the fourth Second ; Le&. V. 
and ſo on + ; and this will be a Motion uniformly accelerated. hy RL 

Tuts Motion of a Body chus accele rated in im Detect would be 
the real Motion of falling Bodies, if Gravity acted by Intervals, as 
we have only ſuppos d, to help Conception: But as Gravity never 
ceaſes to act, we muſt fill up the Intervals between the Beginning 


Tus, if we conſider the Body falling thro' the Space AB#**P. 25. F. 9. 


£ - * — 


ther Impulſe, which makes it go to E inſtead of d; ſo that the 

Body will fall 3 Rods during the ad Second. Likewiſe at the Be- 

ginning of the 3d Second, when the Body is at E, it will again re- 
ceive from Gravity one Impulſe at the Beginning of that Second, 

and another during the Time of it ; ſo that it will go thro' the five 

Spaces Ef, Fg, gh, bi, and i K, during the Time of that 3d Second. 

So in the Time of the 4th Second, the Body will (for the ſame Rea- 
ſon) go thro' ſeven Spaces or Rods from K to R, and ſo on, the Num- 

ber of Spaces deſcrib'd increaſing by two every Second; that is, ac- 

cording to the Series of the odd Numbers, 1, 3, 5, 7, 9, Sc. 


As a great Part of my Auditors, tho' very curious, are unacquaint- 
ed with mathematical Studies; I always found it very difficult to 
make them underſtand the Effect of Gravity in accelerating Bodies 
in their Fall, by Galzleo's Scheme of Triangles, till I had prepared 
them by what I have now faid in the 14th Paragraph ; but as that 
8 is not ſtrictly true, I hope this following will ſatisfy every 

ody. = > 5 | 


The Attions or Accelerations of any centripetal Force upon a Body, 
are (at the ſame, or equal Diſtances from the central Body) always 
Proportionable to the Times; that is, equal in equal Times: And fuch 
are thoſe of Gravity (as to Senſe) near the Surface of the Earth. 
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Lect. v. SurPposs a Body free to fall in vacuo, receives the Impre 
orf Impulſions of Gravity during a certain Time, as for Example a 
whole Second; if that Time be divided into a great many ſmall 
Parts or Intervals (which I call Moments or Inſtants) the Velocity 
of the falling Body will increaſe uniformly or equally at every ſuch 
Inſtant ; which being all fappos'd equal, the Spaces deſcrib'd in 
thoſe Inſtances by the falling Body, muſt be as the Velocities ; that 
:Þ Fc» as the Terms of an Arithmetical Progreflion, ſuch as the fol- 
ing. 25 | 3% 


* Moments or Tnftants.  Pelecities or Spaces. 
1ſt — = — — 1 5 
a2d——— — ?: 2 
Om, en ee ee 
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expreſs the Velocity acquired at the End of half the Time of the Fall, 
by the Sums of the Impulſions of Gravity r bop the Time of 
that Fall. And fince the Spaces deſcrib'd in the fame Time, are 
as the Velocities, the Sum of the Terms of the Progreffion will 
expreſs the whole Space deſcrib'd during the whole Time of the Fall. 
Now by the Doctrine of Progreflions, it is univerſally known, that 
- the mean Term multiplied by. the Number of Terms, gives a Pro- 
5 duct equal to the Sum of the Progreſſion; that is, in the preſent 
Caſe, the mean Velocity e is the Velocity that the Body has 
acquir'd at the End of half the Time of its Fall) multiplied by the 
whole Time of its Fall, will give a Space equal to the Spaces de- 
ſcrib'd by the Body during that Time, with an uniformly accelerated 
Motion. | 


That is, in other Words, | | 
THAT, if the Body was to move uniformly during the whole Time 
of the Fall, with that mean Velocity it has, when it has fallen half 
that Time; it would deſcribe a Space equal to that, which it _— 
7 |  Gurimng. 


accelerated all the while. 


Now fince we have already faid, that the Velocities, or the Ac- 


during the whole Time, when it ſets cut from Reft, and has its Velocity 
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celerations of the falling Body, are always proportional to the Times; 
the ultimate Velocity at the End of the Fall, muſt be double that f 


the mean Velocity, acquir'd at the End of half the Time of the 
Fall; and conſequently, if that laſt, or greateſt Velocity, be multi- 
plied by the whole Time of the Fall, the Product will be the Space, 
which the Body would deſcribe with that laſt Velocity in the ſame 
Time, and with an uniform Motion, which is double of the Space 
deſcrib'd during the ſame Time, with the mean Velocity, or its 
Equal, viz. the Space deſcrib'd during the ſame Time by an ac- 
celerated Motion. | : | 

Tis therefore evident, that after a Body is fallen freely during a 
certain Time ; it has acquir'd, by the equal and uniform Accelera- 


tions of Gravity, a Velocity, ſuch as would make it deſcribe (in a 


Time equal to the Time during which it fell) a Space, double of 
that Space it went through in the ſame Time, with a Motion uni- 


formly accelerated. 


FRoM hence, it will plainly appear, how the Motion of falling 
Bodies is accelerated; and the Spaces they deſcribe in any equal 
given Times, are as the odd Numbers 1, 3, 5, 7, Sc. and the total 


Spaces as the Squares of the Times. For let a Body in vacuo be 


ſuppoſed to fall by Gravity during the Time of 4 Seconds; and if 
it be found, that at the End of the firſt Second, it has deſcrib'd a 
Space equal to one Rod; was Gravity to act no longer upon it, it 


has already acquir'd by uniform Accelerations, ſuch a Velocity at 


the End of that 1ſt Second, as would make it deſcribe a Space equal 
to two Rods during the next Second with an uniform Motion. 
But Gravity continuing to a& during the ſecond Second, the Sum 
of its Actions or Impulſions will be (near the Surface of the Earth, 
where the Diſtance from the Center is not ſenſibly alter'd) equal 

to that of the Impulſions in the firſt Second, and therefore the Body 
will deſcribe three Rods in the next Second. Now to find the Ve- 
locity of the falling Body at the End of the ſecond Second; we may 


conſider, that ſince from Gravity it acquir'd an uniform Velocity 


of two Rods per Second, by the Actions or Impulſions receiv'd 
during one Second, it will acquire a double Velocity, viz. of four 
Rods per Second of Time, after it has fallen, and been acted upon 
by Gravity, during two Seconds of Time; ſo that in the third Se- 
mm Uu 2 cond 
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Left. V. cond (inſtead of the four Rods it would deſcribe, was Gravity fo 
ceeaſe to act) it will deſcribe five Rods, becauſe during that third 
| Second, the Impulſions of Gravity are alſo ſuppos'd equal to thoſe 
it receiv'd in the firſt. In the ſame manner, and for the fame Rea- 
fon was Gravity to ceafe to act, after having acted three Seconds, 
the Body would have a Velocity to deſcribe fix Rods in one Second, 
(triple of two Rods per Second, which is the Velocity, that Gravity 
gives in the Impulſions of a Second ;) but Gravity acting as before, 
during that fourth Second, the Body will, by the Addition, or Sum 
of all thoſe joint Impulſions, deſcribe ſeven Rods; ſo that the Times 
and Spaces will be as follows. be e e 
Number of each particular Second. Rods. © 
| I = 1{t 8 — - 8 „„ or Spaces 
1I=2d ------------- 3 deſeribd © 
118 3d 5 — ͤ——m - - — - - 5 in each 


= 


I Seconds — --- 1 ee 


AND it evidently appears from this Progreſſion, that the total 
Spaces from the Beginning of the Fall, are as the Squares of the 
Times ſpent, during which the Bodies fall; for in one Second the 
Spaces deſcrib'd are 1 Rod; in 2 Seconds, 1 ＋ 3 4 Rods (2 * 2); 

in 3 Seconds, 14 3 + 5= 9 Rods (3 * 3); and in 4 Seconds, 143 
4577 = 16 Rods (4 x 4). Therefore it is true, that the Spaces 
deſcrib'd by falling Bodies, are in a duplicate Ratio of the Times or 
Velocities; and on the contrary, that the Times of the Fall or the 
Velocities acquir'd at the End of thoſe Times, are in a ſub-dupli- 
n Proportion of the Spaces, or as the ſquare Roots of thoſe 
paces. 3 


TH1s is the true Manner of Bodies falling with an accelerated Mo- 

tion by the Force of Gravity, abſtracting from the Reſiſtance of 
Air, which we ſhall hereafter take into Conſideration. N. B. Al 

Bodies fall equally fwift where there is no Air, as has been proved 

| by the Experiment of a Piece of Gold and a Feather falling in the 
L.. Nes. ſame Time from the ſame Height in an exhauſted Receiver T7. 


Ce. Wuar we have ſhewn (Step by Step) of the Effect of 
Gravity on falling Bodies, may be demonftrated another m on 
| aliles's 


14 ; % 
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Galileo's Method, © thus: As Bodies (abſtracting from the Air's Lect. V. 
Reſiſtance, as we have ſaid) increaſe their Velocity in falling ac 


cording to the Time during which they fall, Galileo repreſents the 

Times and Velocities by equal right Lines, which he joins at right 
Angles; and then joining their other Ends by a third right Line, 
makes a rectangular Triangle, of which this laſt Line is the Hypo- 

thenuſe, to repreſent the Space fallen thro' in a certain Time; AB, 
for Example, F repreſents the Time; B V repreſents the Velocity; t Pl 
and the Triangle ABV the Space gone thro' during that Time; . 
as for Example, one Rod, if the Time be one Second. Now, if 
the Time be double, A C repreſents it; and then the Velocity being 
double alſo, the Line CU muſt repreſent it. Draw U A, and the 
large Triangle A U C will repreſent the Space fallen thro' in that 
Time ; which greater Space being divided into Triangles equal to 
the firſt AB V, will appear to contain four of them. Therefore, 
fince a Body falling one Second of Time goes thro” the Space of 
one Rod, the ſame Body falling two Seconds will go thro' the 
Space of four Rods. Had the Time been AD (= 4 Seconds) the 
Velocity would have been Dv= A D, and the Space Av Dy = 
Rods, or q of the firſt Space. Thus, if the Time be AE = 4 
Seconds, the Velocity muſt be E quadruple of B V, and the whole 
Space Au E containing 16 Times the firſt Space AVB. 


COROLLARY I. 


Hence. it follows, that if you multiply the Times by the Velo- 
cities, or if you ſquare the Times, or ſquare the Velocities, you will 
have the Number of Spaces (equal to the Firſt) which the Body has 
deſcrib'd during its whole Fall: As here, the Times being 4, and 
the Velocities 4, the Spaces gone thro' are 16. — . 


COROLLARY u. 


Hence follows alſo, that if you mark the Times (or Number 
of Seconds) as the Numbers 1, 2, 3, 4, in the Scheme ſhew; you 
will have, againſt any of the particular Numbers, as many little 
Triangles as the Body has gone thro' Spaces during the Part of Time 
expreſs'd by that Number. For Example, there is on the right Hand 
one Triangle over-againſt the Number 1, three over-agamſt 2, five 
over-againſt 3, and 7 over-againſt 4. And to know how many 
Rods a Body falls in any determinate Second or Part of Time, = 
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Le&. V. for Example, in the roth Second, without drawing the Scheme; 


we muſt firſt find how many Rods the Body falls in the whole 
Time, as here in 10 Seconds; then how many Rods the Body 


falls in 9 Seconds, and ſubtract the laſt from the firſt. 10 x 10 


is 100, the Number of Spaces in 10 Seconds; 9 * 9 is 81, the Num- 
ber of Spaces in 9 Seconds; 81 from 100 leaves 19, the Spaces or 


Rods fallen thro' in the 1oth Second. 


COROLLARY. il. 


_ I 'T appears likewiſe, as a Conſequence from what has been ſaid, 


that when a Body has fallen thro' a certain Space by a Motion uni- 
formly accelerated, it has acquir'd ſuch a Velocity as is able to carr 

it thro' a double Space in the fame Time, if Gravity - ſhould — 
to act, or have its Effect any Way deſtroy'd, or if the Body's Di- 
rection ſhould be chang'd from a vertical to an horizontal one. For 


1Pl. 25. F. 10. Example, when the Body in the Time AB r, falling thro' a Space 


repreſented by the Triangle AVB, has acquir'd the Velocity BV; 
if, Gravity ceaſing to act, it receives no Addition to its Velocity, 
tho it continues to fall during the Time BC = AC, ſo that the 
whole Time muſt be repreſented by the whole Line A C; yet the 
Velocity will not be repreſented by the equal Line CU, but by 
the Line C equal to BV, the Velocity the Body had when it 
ceas'd to accelerate its Motion: therefore to know how many Spaces 
the Body has gone thro' in the Time BC=AC with an uniform 
Motion, we muſt multiply BCby C B V the unchang'd Velo- 

City of the Body, and we ſhall have the Rectangle BV C4, contain- 
ing two Triangles equal each to A V B; that is, two Spaces will be run 

thro' by the Body moving with an equal Motion in the Time BC 


equal to the Time A B, in which the Body deſcrib'd only one Space 


by an accelerated Motion. So likewiſe, if the Body having fallen 
thro' 4 Spaces during the Time A C, and having at the End of that 
Time acquir'd the Velocity C U; the Velocity be no more increas d, 
and the Body continues to fall during the Time C E AC, it will 
fall thro' 8 Spaces inſtead of 12, that it would have fallen if the 


Velocity had continued to increaſe, ſo as to become E u at the End 


of the Time CE; but as it is then only E e, equal to C U its Velo- 


city at the Beginning of the Time C E, we muſt multiply CE the 


Time by U C or E e the uniform Velocity, and then we ſhall only 
have the Rectangle UC Ee containing 8 Spaces, inſtead of the Tra- 
pezium CU # E containing 12. 7 5 . 8 - 

Tuis 
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only perpendicularly, will neither accelerate nor retard the Body in its 
borizontal Motion. N. B. The manner of doing this ue ſhall bere- 
Efter ſhew. . £7 Le | | 
hp CCC 
We may alſo further gather from what has been faid, that Gra- 
vity does not act by Intervals, (tho we explain'd it that Way at firſt 


to facilitate Conception ;}) for if it did, after every Impulſe the 


Body acted upon. would go with an uniform og though it 
would have a greater Velocity after every Impulſe. Neither after 
it had fallen a certain Space would it have a «cquir'd a Velocity ca- 
pable of carrying it thro double that Space in the fame Time, . ſhould 
Gravity ceaſe to act, but only thro' a Space equal to the firſt. 


Fox Example; after Galileo's Method, the Triangle A C B Pr. 25. f. a. 


(Pl. 25. Fig. 11.) repreſents the Space fallen thro' in any Part of 

Time, ſuppoſe one Second, in the Time A B with a Velocity naſ- 
cent (or juſt beginning) at A the Beginning of the Second, and equal 
to C Bat the End of the Second: Whereas if a Body ſhould fall one 


Rod in a Second by an Impulſe as a Blow, the Velocity at firſt 


would be equal to A D, and continue fo during the whole Time, ſa 
that at the End of the Second it would only be BV equal to A D 
and half of BC, whereby without a freſh Impulſe it would only 
carry the Body down one Rod more in another Second ; for then 
the Time multiplied into the Velocity would only produce the Rect- 


angle ADVB equal to the Triangle A C B, becauſe it is of the 


fame Height and has half its Baſe . 


16. Ir the Direction of a falling Body be fo chang'd as to make 
it go directly upwards, beginning that Motion with all the Velocity 
it had at the End of its Fall, it will go up (by a Motion uniform- 
ly retarded) exactly to an Height equal to that from which it 


fell; and the Spaces it goes thro in each Part of the Time are to 


be ſeen in the Scheme over-againſt the Numbers repreſenting thoſe 
Parts of Time. If, for Example, the Body has fallen 4 Seconds, it 
will have gone thro” 16 Rods in its Fall, and have acquir'd the Ve- 


locity Eu + capable of carrying it 32 Rods in the fame Time by an + Pl 25. F. 
uniform Motion; but as Gravity acts againſt it in its Riſe, it will!“ | 


deſtroy all its Motion by the Time that it has riſen only 16 Rods: 
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Tais will become viſible by changing the Direction of the mov- Lect. V. 
ing Body from a vertical to an horizontal one; for Gravity acting 
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A Courſe of Experimental Philoſophy. 
for it is the ſame Thing to make a Body from Reſt move. 16 Rods 
downwards in a certain Time, as to deftroy half of the Force which 
was able to carry a Body upwards 32 Rods in the ſame Time. 
The ſame Thing will alſo be plain if you conſider the whole Time, 
as divided into ſmall Parts, and obſerve the uniform Diminution of 
the Body's Motion. For Example; let the Body be thrown up- 
wards, and let the Spaces which it goes thro' in every Second be con- 
fider'd. If the Velocity given to the Body projected upwards be 
ſuch, that in the Time ED (which will now. be the firſt Second of 
Time) it goes thro' 7 Rods, the next Second it will go but 5, be- 
cauſe Gravity gives it an Impulſe downwards at the Beginning of, 
and during, the 2d Second, able to carry it downwards 2 Spaces or 
Rods; which is (in other Words) to take away 2 of the 7 Spaces, 
which the Body would have gone thro' in that Time. Thus like- 
wiſe, inſtead of going 5 Spaces the 3d Second, Gravity taking away 


2, it will go but 3 Spaces; and the 4th Second (the laſt of its Riſe) 


inſtead of going three Spaces, it will for the ſame Reaſon go but one; 
and then the Body will for an indiviſible Moment of Time be at 
Reſt, From the Point of Reſt the Body will come down again, 
falling with an accelerated Motion already deſcrib'd, and coming 
down jult in the ſame Space of Time that it went up. -— 
„%%%ͤ „ Fg 12 
Ir a Body, inſtead of going upwards in the Line AB, ſhould riſe 
to the fame Height in the inclin'd ſtreight Lines A C or AE, or 
in the Curves A C or Ae E, it would in the ſame Time come 
down in the ſtreight Lines CD or E F, or in the Curves Ce D or 
EFF. For we have already ſhewn, that when a Body is acted up- 
on by Force to carry it in the Line AB in a certain Time, if ano- 
ther Force Ag acts upon it too, the Body will go in the Diagonal 
AC of the Parallelogram ABCg in the ſame Time: And we 


have alſo ſhewn, that it would go in a Parabolic Curve Ae C in the 


ſame Time from A to C. Now ſince the Force of Gravity in the 


Direction B A, which deſtroys the Motion of the rifing Body, is 


equal to the Force of Gravity acting in the Direction Cg to make 
the Body fall from its Point of Reſt C, the Forces CE and Cg 
are equal to Ag and A B, and therefore the Diagonal right Line 
CD, or curv'd Line Ce D, will be gone thro in the ſame Time as 


the Lines AC and A2 C. The fame might be ſaid of the Lines 


AE and Ae E compared with EF and EFF. N. B. When we 
throw a Body direfly upwards, and it falls upon the ſame Place of, 
the Earth we threw it from, then it really deſcribes two ſuch Lines, 


45 


4 Curſe of ape Phils en, 3 WM 
, A C and © D moving from A te D by the Attias which the Barth Led. v,. 
gives it from Faſt to Weſt. But if «ve ſhoot it obliquely upwards, it woe 
deſcribes the two Gurves AC, CD, or the Parabela A CD; or any 


other te ae as 1 E F, ces dis to 2 5 An Ingle f the Dire&ion it 
fets out With. 


e 5 COROLLARY "ix 


Hz NCE it follows, that one may at any Time know to what 
Height a Projectile, as a Bomb, or Cannon-Ball, Sc. (whether 
ſhot up directly or obliquely) has riſen. - For if you take the Time 
between the firing the Mortar and the falling of the Bomb, the half 
of it will be the Time of the Fall of the Bomb. Square the Num- 
ber of Seconds in that Time, and you will have the Rods or Spaces 
fallen through in perpendicular Height. Thus if 20 Seconds are 
elaps d from the firing of the Mortar to the Fall of the Bomb, half 
that will be 10, the Square of 10 is 100, which hundred Rods 
multiplied by 16 and a half, will give the uimoſt "Og of the 
Bomb in Feet, viz. 1650. 

N. B. We till abſtract from the Refiflance of the 7 which we 


ſhall hereafter confider, and ſhew how to allow jor it, as Vkowiſe © we 
take ac Fe et Wi of 16,1 for the Reaſon above gie 


COROLLARY II. 


Hex CE alſo lows that knowing the Weight of the Body, 0 
the Height from which it falls, one may know what Stroke it will 
give; that is, what Momentum it has at the End of its Fall: for the 
ſquare Root oſ the Spaces will always give the Velocity, which being 


multiplied into che e or 7 ln le of the Hole & gives us its Mo- 
mentum . Ng. 


7 * 9 
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Some | Pente bers ed, that A  Gllivg Body ber s Aon 
tum, and ſtrikes a Blow proportionable to the Height from which 
it falls; for Example, that a Pound falling from an Height of 4 Feet 
has four Times the Momentum that it would have in falling from one 
Foot. But their Error lies in not taking the Time into Confidera- 
tion; for a Body ſpends twice the Time in falling 4 Feet that it does 
in falling one Foot, ſo that the Velocity is only double in the firſt 
Caſe. Indeed, if a Body could fall 4 Spaces, or in any Direction 
whatever go thro 4 Spaces, while another Body of equal Maſs went 
thro' but one Space; it would then have four Times the E | 
and MG be capable of a quadruple Effect. 
MD IL. F XX | OTHERS 


* 


85 338, 


3 
{3 
4 


A Cour 5 of Beere Phi %. 


Lect. v. Orurks again allow, that the Velocity is as the Square Root 
* of the Spaces; but alledge that the Momentum is not as the Product 


Ann. 4.” 


of the Maſs by the Velocity of the moving Body, but as the Maſs 
multiplied into the Square of the Velocity; which Opinion they 


endeavour to ſupport by ſeveral Experiments; and various Reaſon- 
ings, many of which I ſhall conſider in the. Notes *. I ſhall only 


take Notice here, that though I do not think the Experiments of 


hard Bodies falling upon ſoft Subſtances (to be hereafter more fully 


deſcrib'd) concluſive in reſpect of the Momenta of thoſe. Bodies; 


yet they have very well prov'd, that yielding Subſtances, or loft 
unelaſtic Bodies, yield to a Blow of the ſame percutient Body in 


proportion to the Square of its Velocity; and thence may be 
drawn very uſeful ME hon W o the aro of 


4 Mechanicks. 


- £7600: explaining the ARion of . upon falling Bodies we 1 


L. 1. An. 11. 


conſidered it as acting upon Projectiles always with the ſame Force, 
though it is certainly weaker in its Effect the higher the Body 
acted upon is above the Earth, as we have ſhewn in the 11 
Annotation to Le&. I*. For Gravity (that is, its accelerating 
Force) decreaſes, as the Squares of the Diſtances from the Centre 


of the Earth increaſe. But as the greateſt Height to which we are 


able (even with Gun-powder) to project Bodies, bears no Propor- 
tion to the Diſtance from the Centre of the Earth, (ſcarce a 
20007h. Part) we could make no Allowance. for that Decreaſe of 
the Force of Gravity, without making too eh, bince the Dif- 


ference iS inſenſible. 


1. Iz r the Force of Gravity was greater or leſs than it here, 
Bodies would be accelerated by it in their Fall in the ſame man- 
ner that we have explain'd; only the Spaces, which the falling 
Body goes through in the ſame Time, would be greater or leſs in 
Proportion. If the Force of Gravity was 4 Times greater, a Body 


would fall 4 Rods in the 1½ Second of its Fall; and if the Force of 


Gravity was four Times leſs (as it would be if we were carried up to 
the Height of 4000 Miles, or removed farther from the Centre of 


the Earth than we are, the Diſtance of one Semidiameter of the 


„L. I. An. 11. 


Earth) a Body would fall but a Quarter of a Rod in the firſt Se- 


cond of its Fall . And if we obſerve, that in any Place on the 
Surface of the Earth a Body falls not ſo great a Space as one Rod 
in a Second; we may be Jore that the. Force oft e is leſs 

7 A there 
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a has in our Country, where Bodies fall one Rod in a Second. Lea: V. 
Now this Obſervation has been made very near the ZAquator, where — 
from Experiments made on Pendulums it appears that Bodies do not 
fall a Rod in a Second; and it follows from thence, that the Force 

of Gravity is leſs there than in greater Latitudes: which happens 

becauſe the Surface of the Earth is higher (that is, farther remoy'd 

from the Centre there than at the Poles) about 31 Miles ; and partly, 

becauſe the Increaſe of the centrifugal Force deſtroys more of the 
Action of Gravity near the AÆquator, than towards the Poles. But 

I ſhall ſpeak more fully of this in another Place. In the mean Time, 

I refer the Curious to Sir 1/aac Newton's Principia, Book 3. Prop. 20. 

and the Philoſo ophical Tranſactions, N* 386, 387, and 388. | 


18. Warn a Body runs down an inclin'd. Plane, it cannot c defornd 
with its whole Gravity, becauſe Part of it is ſupported by the Plane, 
and that in Proportion of the Length of the Plane to its Height (or 
of the Radius to the Sine of the Angle of Inclination) as has been 
ſhewn in the 7th Annotation of Les. 3. But then that Part of the L. 3. Ann. 7. 
Weight which is not ſupported by the Plane, or the relative Gra- 
vity, being always of the ſame Quantity, becauſe every Part of the 
Plane has the ſame Inclination, will cauſe the Body that rolls down 
to accelerate its Motion in the ſame Manner as a Body that falls freely 
down, but not ſo faſt; or in the ſame Manner that Bodies would fall | 
rem if Fe Force of Gravity was ſo much leſs. 


Co 


Upon any ſtreight horizontal Line as CB, * " A perpendicular l. 25. F. 13. 
at C, and make AB the Hypothenuſe of che Triangle AB C (which 
is to repreſent an inclin'd Plane) ! in Length equal to twice the Height 
or Perpendicular .A C. Divide A B into 4 equal Parts mark d by 
the Points D, F, G, and likewiſe A C into 4 equal Parts mark d by the 
Points E, H, I. Draw ED and C D. 


Ir AE, EH, HI, and I C be the 4 Spaces 125 Rodi) ATE a Bo- 
dy falls thro in 2 Seconds, AE will be one Space which the Body 
goes thro in 1 Second +, Now, if the Force of Gravity was but t Ne 14,15. 
half of what it is, the Body, . inſtead of going down from A to C in 
two Seconds, would only go from A to H. Let the Body be laid 
upon the Plane AB, and then it will be fo ſupported by the Plane as 
to deſcend towards B, with only half its Weight ; that is, it will cf? 
Xx 2 a 


. 1, YA 
Lect. V. 
— 

Pl. 25. F. 13. 


- 


half its Weight, and advance u on the faſter than it would 
do in the Line AC if it fell freely down, and the Force of Gravity 
was but half of what it is. The Body therefore rolling on the in- 


clined Plane will come down but to D, which is upon the ſame - 


Level (or as near the Centre of the Earth) as E, in 2 Seconds. 
Whereas, if it had not been ſupported by the Plane, it would have 
fallen 4 Spaces or down to C. It has then at D the ſame Velocity 
which a Body falling freely from A has at E, but is (in this Caſe) 
twice as long in acquiring that Velocity. If the Body, when it is 
come down to D, continues to move along the inclin'd Plane, it 
will for the Reaſons already alledg'd go thro' the next 3 equal Spaces 
DF, FG; GB, in the next 2 Seconds of Time; juſt as a Body fall- 
ing freely in the Line AC would do if the Force of Gravity was 


but half; or as a Body will do now with the whole Force of 


Gravity in half the Time : and the Velocity of the rolling Body, 
when it is at B, will be as great as the Velocity of the Body at C; 
but will be ſo much longer acquiring it, as the Line AB 1s longer 
than AC. N. B. A more geometrical Solution of this may be found 
in the 37th Theorem of Dr. John Keill, in his Introductio ad veram 
Phyſicam. | 8 185 e 


COROLLARY I. 


HENOE follows, that whatever the Inclination of the Plane is, a 
Body will have acquir'd the ſame Velocity when it comes down to 


the Bottom of it as if it had fallen along the Perpendicular : and if 


any two Points (as E and D, H and F, I and G) be taken in the 
ſame horizontal Line, one upon the inclin'd Plane, and the other 
upon the Perpendicular, the Body will have the ſame Velocity in 
both, tho acquir'd in different Times. For if the Plane be leſs in- 


_ clin'd, the relative Gravity which carries it down will be greater, 


and accelerate the Body ſo much quicker as the Plane is ſhorter ; 
whereas the more inclin'd or the longer the Plane is, the more flow - 
its Acceleration will be. e 


COROLLARY n. 


Hence follows alſo, that if a Perpendicular be drawn from any 
Point of the Line in which a Body falls freely to the inclin'd Plane, 
it will ſhew how far upon the inclin'd Plane another Body would 
roll in the fame Time, if the Fall of both began from _—_ ſame 

. oint: 


— 
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Palbth That is, in this Caſe C D, which from the Bottom all the Lect. V. 
vertical Line A C comes upon the Plane at D, (to which Point we Wr. 
have ſhewn that the Body would fall along che Plane, in the ſane 
Time that it would fall freely as low as C) is perpendicular to the 
Plane AB. For fince by. Conſtruction: A B is the double of A C, 
and A C the double of A D, and the Angle CAD common, the 


Triangles CAB and CAD n be. fimilar . an e CDT By 6. 6. 
is nen, W Euclid, 


„ wy ts 


H E NCR alſo may be ſhewn, that if a Body ſhould fall down 1 
the ſame Height along ſeveral Planes differently inclin'd one after 
another, as for Example the Planes AD, DE, EB, + it would have + Pl. 25. F. 


acquird the ſame Velocity as if it had fallen _ only one Planc 14: 
as A D, or the e de AC. 


COROLLARY Iv. 


2A T is ie evident, chat if, a Body falls i in an Are YL a Circle, 
it will have the ſame Velocity at Bottom, as if it had fallen in the 


Perpendicular ; becauſe an Are of a Circle mas be conſider d as an 
infinite Number of Planes ain inclin d. 


19. Tas Doftrine af Pendulums i is e dedued from what 
we have explain d about the Fall of Bodies; but as there are ſome 
Things in it that require the underſtanding the 3zd Law of Mo- 
tion, we muſt defer it till that Law is explain d. In the mean Time 
we will give an Account of thoſe Mechanical Organs or Inſtruments 
which were omitted in the 2d Lecture, (when we deſcrib'd the 
imple Machines commonly, but erroneouſly, call'd Mechanical 
Powers: ) becauſe: the Principles explain'd in that Lecture were not 


3 for it, en the d lg of the 1ſt and 2d Law of 
ature. 


20. Tum Ave Guighs e or ee Organs which 1 
deſcrib'd in my Second Lecture, are only Inſtruments to perform the 
ſame Thing different Ways; — namely, to convey the Powers exerted 
or ſpent by ſome Body acting, ſo as to be applied for the moving 
of other Bodies, or to tranſmit or regulate the Power from one Bod 
to another. Now the Inſtruments I am about to deſcribe * 

= | erve 
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ſerve to perform this, therefore they may very well: be call'd Me- 
chanical. Organs; but the Difference in the acting is this; In the 
Machines or Organs already deſcrib'd, a great Part of the Strength 
of the Men or other Animals, &c. (that is, the Intenſity of the 
Power) is loſt in the rubbing, ſticking, ſtretching, wearing, and 
vieldivg of the Parts of the Machine, and the Force of the Men, 


Sc. employ'd, can only be exerted by Degrees, with the Loſs afore- 
ſaid. But in the Machines I am about to deſcribe, the Power is col- 


. 


lected and convey'd from Body to Body with little or no Loſs by 
Accumulation continuing in the ſame Line. | 


21. Ir a Man weighing 140 i preſſes with his whole Weight, 
or exerts a Force equal to his Weight, upon a Leaver or Balance- 
Beam equally divided by its Centre of Motion, it is impoſſible 
for him to overcome a Reſiſtance greater than 140 lh, tho' he 
ſhould act upon the Beam a whole Day with all his Force, 
the Man's Power or Force being deſtroy'd as faſt as he exerts 
it; but if he can communicate his Force by Degrees to a Body 
that ſhall keep it all, and exert in a Moment the Sum of all 
the Impulſions given by the Man at ſeveral Times, that whole 


Force of the Body ſo collected, and as it were condens'd, will 


perform at once what the: Man - could never have done by an 
Engine in the common Way. Such a Body was the battering 
Ram of the Antients, which was a very large Piece of Timber 
(one of which we have deſcrib'd in the 34 Annotation of the 2d 
Lecture *) headed at one End with Metal, either Braſs or Iron, 
which was contriv'd various Ways to be ſupported, and by the 
conjoin'd Strength of many Men made to be moved with the 
Metal-headed End forward; till having receiv'd and kept all 
the ſucceſſive Impreſſions of the Force of the Men (which was 
wholly employed to move the Ram forward; becauſe its Weight 
was ſuſpended by Ropes or Chains from a Diſtance above it to 
allow it to ſwing freely) it had by little and little acquir'd a cer- 


tain Degree of Velocity; and with that Degree of Velocity, it met 


with or ſtruck the Walls or Fortifications of Cities or Caſtles, and 


thereby remov'd or beat them down x. This Machine is by the 
2 7 81 5 f Ui WR 1 i j F wth 710 15 Men 


No doubt but the firſt Invention of the cles that extend his Legs, his hind Feet be 
battering Ram was copied from Nature, rather ing fix d hard againſt the Ground, makes a 
than mathematical Reaſoning ; that is, from ſecond Attempt; and, by a ſudden Stroke of 


4 


1 


what a Ram is obſerv'd to do by Inftint. If his Head; removes the Obſtacle which reſiſted 


that Creature, having in vain puſh'd with his too much before: in ſuch a Caſe af;erwards, 
Head againſt an Obſtacle by help of the Maſ- be retires ſo far as to be able to „ his 
oy | otion 


Pßilgs 650. 


Ml 8 80 in an Mete Diedion in the Manner that ta Led. V. 
ing Bodies are accelerated by Gravity in a vertical one. The Man WI 


therefore that ſhould be unable to overcome a Reſiſtance greater than 
140 tb. by the common mechanical Organs, might do it by a heavy 
Body ſwinging horizontally in ſuch a Manner that he could give it 
a Motion accelerated till it reached the Obſtacle ; that is, he could 
do it by Means of a ſmall” battering Ram. And if it was requir'd” 
to have a Force impreſs d downwards, he might overcome the Re- 
ſiſtance by the Rammer, or heavy Body made Uſe of to drive Piles 
into the Earth; where applying his Force ſueceſſively againſt Gra- 
vity (that is, raifing the Body to a certain Height) the Rammer 


would be put into ſuch a Situation, as to receive an accelerated 
Motion from Gravity before it ated upon the Reſiſtance, which 


at laſt it would do with a great Force, becauſe the ſame Quantity 
of Matter would move with a great Velocity; ſo much the greater, 
as it had ſpent more Time in falling, by Reaſon of the Height it had 
been - raiſed- to. N. B. Ir \would "be wrong to alledge here, that 4 
Man, who could not raiſe a Weight, or overcome a Reſiſtance ſome- 
hing greater than 140 j6, with the Force 140 by Means of a Leaver 
or Beam, whoſe Brachia are of equal Length, might do it by apply- 


ing his Power farther from the Centre of Motion; becauſe we are to 


| ſuppoſe the Weight or Intenſity of the Reſiflance to be always in a Pro- 
portion to the Power ſomething greater than the reciprocal Propor- 
lion of Diſtances: : that is, we are to ſuppoſe in this OI ns a 855 
impe/ſible in the common Uſe of mechanical Organs. 


22. Tur Mall or Hammer, which is a Body or Maſs of Wood 
or Metal, directed or moved circularly, or in a curve Line by the 
Handle, ſo as by Degrees to receive a certain Velocity, and thereby 
to have a Power of moving, or making Impreſſions on, other 
Lodies, partakes of the two above-mentioned Organs; as it receives 
an accumulated Force from the Arm that moves it, and at the 
lame Time from Gravity, when it is made Uſe of to ſtrike down- 
wards, Though it is mov'd circularly, yet its Stroke is made in a 
ſtreight Line, namely in the Tangent to the Curve in which it 
moves, Juſt at the Point of the Curve in ITY the Mow is made; 


* which be runs . bis Horns be- 
ing ſo plac d and fix'd on his Head, that he 
feels no Fn from the heck, 


Motion to the el chat his Muſcles can ex- 
ert their Action in running, and thereby give 
2 prodigious ſtrong Blow by the accumulated 
Force with his arm'd Head, to the mph or 


becauſe 
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Leck. v. becauſe all Bodies moet in a Carve ka to - ty — in a ru. 
N 
* 5 


gent to that Curve, MRS have e neun ?. 


23. Tur Fly (e oof whoſe Uſes, 1 have: IS confiderd_ 


in the 4th * Lecture) is an Organ whereby. the Body moved is 
caus'd to circulate or move round about a Centre or Axis, and 


thereby is capable of accumulating the Powers imprefs'd upon it 


by Degrees, ſo long as ſhall be requir'd. This differs from the 
Hammer and Mall A this Particular, as the Capſtane differs from 
the Leaver: for whereas the Leaver can only lift or remove the 
Body for a very ſhort Space, the Capſtane can perform it for a 
given or requir d Space. So that the Hammer or Mall can only 
receive ſo much Power as can be given it in the Part of an Arc 


or Circle, or in a ſtreight Line of a ſhort Length; but the Fly 


can acquire its Power by Accumulation in many Revolutions, and 
ſo is made receptive of a given Power and Velocity, and can exert 


the ſame on oy other Body | in a One Manner. 


24. Tn1s mechanical Organ join'd to the Hero, compoſes that 


powerful Machine, whereby they impreſs the Stamp or Image 


upon Coins and Medals,” which requires a prodigious as well as re- 
gular Force and Power. Now in this Engine there are accumula- 
ted Powers, by three mechanical Organs: : firſt, by the Fly, where- 


by the Strength of the Man moving it is accumulated into the 


Weights at t e End thereof: ſecondly, That Power accumulated 
is condensd and impreſsd on the Cylinder of the Screw by 
means of the Radii at the Fly, which are two Leavers that 
ſerve to condenſe the ſame in a given Proportion: thirdly, That 


Power ſo communicated to the Cylinder accumalated and con- 


dens'd, is again condens'd by the Slope of the Screw in a given | 
Proportion; and fo the whole Power (or all the ſucceſſive Powers) 
exetted by the Man in moving the Weights of the Fly, is accu- 


mulated and Condens 4 in ne laſt CTR which is made _ 
the Medal. | | 


25. Sk a1oones to * 2 may ho mob: his adder 
Pendulum, which is a mechanical Organ, whereby Motion may 
be accumulated in the Body or Weight thereof: which is ſuſ- 


| pended by a String from a Centre above, mia r it at N Diſ- 


tance from the ſaid Centre. - 
y 
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of Pivots and Gudgeons; and none of the Force applied to it is 
loſt, but juſt what is ſufficient to overcome the Reſiſtance of the 
Air. * 1 i] 489 | 7 70 GH HF» 4) Th of EE TH | 
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Ir would be too long to deſcribe the various Ways that this 
Organ has been contriv'd and made uſe of by the ancient as well as 


the modern Engineers. It is ſufficient to obſerve, that they are all 


: 


3 


reducible to this (the common Sling) which is the moſt ſimple; and 
the Power and Effect thereof is as eaſy and reducible to Geometri- 
| cal Computation and Calculation, as any of the others already men- 
| tioned : There heing only one 32 applicable to all; and it is to 
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Lect. V. find what the Velocity of the Body is juſtiat the Inſtant that the 
Percuſſion js made * or the Machine applied to uſe. For it be- 
ing always ſuppoſed that we know the Weight of the Body or In- 
ſtrument, we have nothing to do but to multiply i it hy the Veloci- 
11. 2. Ne ty, and it will give us the Momentum of our moving Body , and 
* thereby ſhew the Effect which it is able to produce in acting upon 
another Body, in ſtopping, driving, breaking or ſtriking LY fo a8 

to ſhake, move, or remove the whole: or ___ Part of it. 


27. Now all the Diftiaulty ande in 5 wliate' is; ps real 
| Velocity of the percutient Body juſt at the Moment of Percuſſion; 
andi it may be done in the following Manner, which we. will firſt 
ſhew with reſpect to the Rammer or heavy Weigbt to drive Piles, 
| 4 being moſt r W in ar e and * Cales deduced 
from that. | 


Fl. 25. F. 1. Tux 15th Figure'of Plate 2 vs: as an e to . 
| . Piles, conſiſtipgiof TEE K1 and Frame FL, on which are fix d 
the upright Pieces L. d LG, ſupported by the Side Braces 
8 en and the hind-Brace F E (which has Pins on it to make it ſerve 

sda, Ladder), and eld Fereder by. She, ſquare; Collar E D. The 
| we Abeing a vety heavy, Piece of hard Wood or Iron flies 
155 al between the Cheeks or, upright: Pieces, L, H, LS, and 

egen wn up by means of its Hook, 1 IL two Ropes HO, GO, 
a 975 — each 53 ſmaller Ropes with Handles, at N, N. for 10. Men 


to pull, vp the, Pall to a certain Height, (the great Ropes run- 


,nipg over two, Fulleys or Rallers on; the; Iron Pin H. G) ) 0d then 
«let;it fall again all. ab ohe pen the, Head of the Bile, at V,, faggve 
SL to the Side ele ſoppoſe tl Hamer, A weighs: 599 b 

28 ths A . t of 5 Fgot, it will, fall that Height in a qupr- 
1 oo econd, , and | conſequently, h 9 1 . 0 able to, carry it 
+N* 15 oy Feet, in the ae imer f, (that is, at theRate,of 8 Fket 

3. P. 324. in a Second) at the very Inſtant it files the Pile M. There 

fore multiplying _ Maſs by the Velocity, vis. 50 x 8, we 
fag have de or, the Aſementum of the Bammer, with doch a 
Fall. -Butat the, Rammer be raiſed up. to, the, Height of 4; Feet, it 

will fall, that, Height, in, half a 7 1. 115 have at the Time of 
12 1 8 0 ac Veloeity to carry it 8, Feet in half alf a Second, without any 
of er Help/from. \ Gravity.z clo th that, we, mpſt;now; multiply: 16,Fect 
# e pre d Y&ocity,; fince gf goes at, the Fare el 12 Feet in a 


* nd). b 599 the Mas * 28 Rammer, .yþich, Will 5 Wo 


4 CB K 2 


Guide dada, weft wick it lr Me- Pie ig © "hid fg" Lo. v. 
Cafe; *f6t Fo „ 625 86667 If we confer any* other” Height 
from” Woe: re: Rhee” falRs7*(fortohe' may. eraplby a Capitine;- 
Windlaſs, or Palleys, to raiſe it to a very great Height, a5 then 
by an eaſ y Cogtrivance looſen it at once from its Hook) the Momen- 
tum, ler WR At tres the" Pile, will always be as the ſquire | 
Rost of the Heifhe oi? Wich the” Rarvehct* fell; "that is, as the 
Velotity Which iche Qefechiaii Body his at the End'of itd Fall. Hur Rn 
N. B. Tui f, Burthat the Pe nity en intg the BartÞ ere! 
father” tber in that* F. Friportim; ber 7 val 0p the” Rether of it” 
in "THE NOR. - Aras fonkriGabioheP 3 111 Aua. 4 
2860p a+ PSS HS be dt gebenen ” oh pt pine "nth . t 
ſo that che Cheekelnfth⸗ hae the ji hs quiry, and the Blow will” 
ſtill be pe enthiculär "th the read ef fe ile; but then the Foce 
of the Ble mut not be! eſtimatell fromthe Length, but from the 
: Height, of the Defcegt;* i 'rhE'Mahh&hlfEady' ſhewn; becauſe how 
- 9 er wy ae land is in "WHIEH' the Body falls, it Hap” 
ö acquired no th elocity"tha Whateit would do if it OY 
| len Rl we he. Rr it of the Plane. 8 5 
29. To fick the; VHotity ef the battering Rath ute 16\ kp 
. its Sttblke we miſt obſerve' at whit Rate its Motion is accelerated; 
5 5 zccbfdiggt ” tothe 4 mT Strength of the Men that Work 
55 it may b HL 1. sor, lefs than Gravity would accele- 
1 5 it if it Was td fall petpendicifirly. Therefore we. are tö ob- 
e ſetve the Pers the Stroke from che Point moſt remote from 
; the Wall nig batterd) and the Walf, and take Notice 
in what Türe the Note is made; (for when the Men, by a little 
t Practice habe göt tl Knack of play ing the Ratn, all their! Strokes 
t are made in the fame Time.) If Thet roke, "for Example, be of 
- Feet, add" made in a quarter of à Second, the \ Mome mn” of" 
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0 Ram is equal to what it would be if the ſame had mov'dꝭuniformly 4 
a 8 Feet in a quarter of a Second, or .32 Feet m one whole Se- i 
it cond. This Forte ypulck be quadrup 6 of What Gravity might | 
f give the An 2” Ram (or a\Ratlinſer equal in Weight to the Ram) ] 


2 


7 in the ſame Titne ; but only equal to N ive it in one Se- A 
a cond of the quadruple” of* t e Time, and orfly Half of "what Sta- Bn 
a vity would give in two Seconds t6" the ſame Body falling from an vi 


a Height of alittle mort tham 64 Fett. If the Time” of making the 
le Stroke had been twice as long, or half a Second, then the Momen- 1 
7 2 tum 55 
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Le: v. tum or Force of the Perc would have been but half as great, | 
— &c. the Percuſſion with the fame battering, Ram being always in- 
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: 30. T 0 au Fa Van (and Mere 6 [EIS ag 
the Mall or Hammer at the Inſtant of Kn we; muſt e | 

| der it firſt in the moſt ſimple manner, as when being raiſed up 
1 falls down, again in an Atc of a Circle by its own ng nil 11 4 
we are only to conſider the Height Art Which it fell; and we 
ſhall know, from what we have faid of Bodies falling 1 : 
larly or on an inclin'd Plane, what Velocity it has at the End of its 
Fall. Thus, we may know with what Force the great Hammers, 
raiſed by the; Axis of a Water-wheel, fall upon the Plates or Bars 
BE of Iron or Copper that are flatten'd. in Iron or Copper Battering-, 
| Mills or Forges. When the 1 is moved by the Hand, or 
driven by a Spring as well as by Gravity, it will move quicker, and 
its Effect will be alias ad 1 greater, therefore by. erin the 

| | Time. .of its Fall in ſuch a Caſe its Velocity may be Known. DAS 
1 N. B. 70% a Body moving twice as ſaſi in the ſame Circle, ww 5 1 
7 0 according to what appear d in the 15th Experiment ef this gt Ag 
3 | to raiſe. four Times the: Weight, we muſt not imagine that à Hammer 
4 mad twice, as faſt will Alle coith four Times the Momentum, . 
ä bi a Hammer of tbe ſame. Weight moving twice as faſt, only. 
becauſe of an Handle or Radlius tevice. g long, ſhall baue but double the . 
Momegtum, according to the ,13th Experiment: fer it is only the, 
Centrifugal. Force in the. ſame Circle, hich is as | tle Square of 
255 4 elocity, and not the . Stroke. made along the Jangent. J. e. 
4 1. the Centrifugal , Farce will only be this, that tle Hand 
w bh di _ the | Hammer un feel four: 7 imes the Force endeavouring 
to pull the Hammer cut , bis, Hand; and <oould, feel but twice 
1 bat F orce, if. the: ee, da 75 double ff "APO. an , 

1 twice as. eng. oy A 
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fl 1 is. ;. 40% 40 be 1 that: in the. 1 of the. Hammer | it. is 
| 5 | better. to. flrike | with: the ame AA of Matter with. 4 double 
V. elecity, | than... with double Maſs. and | ngle 75 elecity,;, 55 becauſe 
; yielding Subſtances, as tot Tron, &c.. and Nails. driven into Mood, 
1 | g1 Ve N. ay to. tbe fame Hammer nearly. according 70 the S quare of 
" * Ann. 4. 7ts. V. i wk as we e account CAT in, the. Of . But the re- 
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verſe muſt be ee ar. the ted Rows! "i * moo have its Left. V. 
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1. Ir the Fly * made uſe þ at to give A Blow with was of 
eights 4. ſome Revolutions, the Method of finding its Ve- 
que and conſequently its Momentum, . juſt at the Stroke, is the 
fame. as will ſerve for the Sling: for tho the Fly has vaſtly., more 
Friction than the Sling, we are only to obſertve what Velocity 
(without any Regard to the Impediments which hindered the Velo- 
city from being ſo. great as it would have been without them) it 
has juſt at the Stroke 3 which: we may. know by comparing ſeveral. 
Revolutions, or Parts of Revolutions e e will ben us 
-.the Degree of Acceleration. ror of © ts 
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332. Now to ſhew how to Ee the 8 of theſe Organs | 
when Joined with others commonly called the mechanical Powers 
(explain d in the zd Lecture) I ſhall ſhew what Force may be : BUYER, 
by the Machine made of the Fly combined to the Screw for ſt pen; 

ing the Image upon, Coins, as we haue above hinted. 18 
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LE us ſuppoſe the two Arms of the Fly to be I 5 Tolle long. a 
each, (meaſuring from the Centre of the Weights; to the Axis of 
Motion) and the Weights to be 50 Ib each, and the Diameter of the 
Axis preſſii g upon the Dye to be one Inch. If every Stroke be 

made in half, a Second, and the Weights deſcribe an balf 93 795 
rence, which will in , and th be of 4 Feet, the Velocity will At 
the Inſtant of the Stroke be at the Rate of 8 Feet in à Second, 
and therefore the Momentum of it will be 800.; but the. Arms K 

the Fly being as Leavers, one Brachium of which is 1 5 Inches long, 
whilſt the other (which is the Semi-Axis) is but of half an Inch, 

we muſt increaſe this Force 30 Times, which will give. us. 24000 : 
an immenſe Force, equal to 100 15 Weight falling 120 Feet, or near 
2 Seconds in Time, or a Body of 750 I falling 16 4 Feet, or one 
Second in Time. Some of theſe Engines for coining Crown Pieces 
have the Arms of the Fly, 5 Times as long, and the One's twice, 
as heayy ; and the Effect i is 10 Times eier. eee 
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N. B. We. 1 allnwed ph bere for the Fu IP Plone 127 

the Screw, becauſe that Declivity only ſerved to belp to ac- 
. celerate the Motion of the Wa Fg which de confidered in tak- 
ing the Time of the Deſcription if * Semicircle by them, 
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| 350 755 gh ; 
Led. V. 33. bee bots, be” eilen 10 fed all the see of a 
,a Laws of Motion already explain'd, in the Practick of méecha- 
| nical Operations; and to apply them to the Explication of all kinds 
of Metions” Whether of” Bodies on Earth, 0 of the Plantth aud 
Comets in the Heavehs: We falt only give as few Inſtances mites 
but firſſ _ Mtely Hor the Reſiſtancæ af? Ar (Which we have 


buherto left gut! Gomputätions) hinders the” 1 from 
benig fach ee Tron ow Cafes without it” 


Nana th&ReGtdhte! or Menu 17110 pp: cUHert 1d ce Hy 
dtoſtatical Part of this Work, et we muſt fa ſo much of it nο a. 
is required for abwertend W to afl for” the® Diſturbaice that? 
. the Reſiſtance of Mediums gives to movinifg* Bodies, fetter theft 
g t be Owing | to Gravity, or any « other Cauſe or Cauſes. . 
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„ WHEN" 8 Body mores in a. Flad of Fan Fir tele, G. 


af in -# „ it cahno E " on Huber OD dent Parts 87 
ang le LA 6 an cm 5 


its 

own Motion on th6le*Patts© ay, Aiden it löfes of" its ns oh. 4 
ſo the at 5 Fla, be retarded if its Motion was uniform before 3. or pf 
it Went wich an a0beletatel Motion, tha t Refiſtande (of the R 
th Sch to the 1055 the Medium) will” hinder. the Ablation 
froth being g ſo 45 it wöuld have been, or (according to the 

Quantity y of it) Fre 0 le Accbleration; that is, 5 8 the additio- 1 
narf tion 1 falt as it is glyen to the oY "he "accelerating. 
Caoſe: So that the Body Gill iiien move unifo > y; as if the acce- . 
lelating Cauſe had chaſed to act, and the W mould move in 5 
Vacuum without any Reſiſtance at all. 


reren ark two ſorts of Refiltinee's in Fllide; hi gin? arif lug 
from the Tenacity of the' Fluid, that is, from the 5. ion | of 
Patts; and that Keftnce "i ' always as "the Velott e 12 
moving in the Fluid : fox the ſwifter the Body that in ſuch 4 
Fluid, tie more Patts it has to remove from. their Coenen is the 
ſame Tithe; according” as it goes thro'. a greater Sp pace, That ſort 
of Reſiſtance may be diminiſhd by rendering the” Medium mote” 
fluid, as Oil, Honey and Pitch, &c. become more fluid by heating.“ 
N. F. Suh Pld? as have 10 Tenac 150 hav? none of. thts Neha. d 


Tuff other Sort of Refiſtauce arifes* from thie Quafitity of Mat- 
ter to be removed, and that is alWays proportionable*ts 6 * 


or lpecific, Ds at eee ee Thus Mater, 3 
Times more than Air, becauſe a Body moving in it thro a certain 7 . 
Space, has 8 50, Times more Matter to remove ; and if it mov'd in 
ercury, the Reſiſtange would he, 11900 Times greater, i becauſe 
Mercury has 11900 Times more Matter than Air in the ſame Space. 
In reſpect to the ſame Body moving with different Velocjties in a 
Fluid, this Reſiſtance is always as the Square of the Velocity. An 


Inſtings\ or two. Kenn by Number. will make. the ene evi- 
dent. 1 


| ina Medium at the Rate of 2 Inches, in a. e or 285 Ato B; 
: ; c. & 15 


are to be remov'd, but we muſt alſo examine with Shae Wade, 

they are remov d, in order to find the Quantity of Motion which 
they receive. Let us then ſuppoſe each of them to be remov'd an 

Inch in a Second, or from the Points l g. to 72 #4, 6 #, to 

make Way for the Body A to go between them. Now ſince it 

is the ſame to move ws e pee laid upon one anothet from 

f N to move all the four one Inch; in different Lines, it is 
evident that the Space f 20 or one Inch is their common Velocity : 
| One then multi led by, four,. the Number, of Particles, ives 4 for 
the Mofnentum 'of the Matter remoy'd_ Y the Bog 5 0 Which 
conſequenily muſt 1 ſe 3s much of its Motion as, Phage communi- 
cated ; and ther WW in this' Caſe the Reſiſtance ys. 4; Ag ain, 
let the fame Bady be 178800 to 1508 tick as Rr it 16 from | 
A to B F, is, rey in d end. There mu be Particles" (Hat v., 3 
1 DB m, a5. or as hh mo re. oi ter) rethoyed'i + 


* 


is, b. 85 
the e 1 the F Body moves 7 5 as aſt, l. Will trike 
each of th hard 0 which wi ake the hem reced e ede to, e * 
Points 8, ey , E, v, 2 NG 'of the Pikes 527 3, C . * ft 
in the ſame NEE ; a ar their common * elocity will be 2 Spices 

50 = 1. Bak ticlés multiplied by 2 will 94 50 16, which 


is a . 4 116 as. preat as what the Sa 17 re- 
. ox 1 28 Therefore the;Body moying Fe ena 
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A 332 1 Courſe of Wee ih 
Lect. V. it would meet with 9 Times more Reſiſtance. And this will hold 
1 — good i in any Degree of Velocity of the moving Body; for the Quan- 
A | - tity of Matter remov'd in a certain Time, and the Velocity with 
- which, that Matter is removed, will always produce a Momentum in 
the fluid Medium, and: conſequently a Reſiſtance, - roportionable to 

the Square of the Velocity of the Body moving in that Medium. 
= N. B. This Reftange l to the Square of the Velocity is the 
1 | only Reſſſtance that the 2 zs found to have, by Experiments of Bodies 


3 : moving in it: and therefore it bas no N 5 4 ng of 
dil 5 8 Fs, that its Parts do not touch one another. 


= - "Hexes it js, that a Fluid will refiſt Waben as much as a So- 
id | nd, nay more, when the Velocity of a Body coming againſt it i is 


_ very great, as we ſhall ſhe w by ſome Inſtances that we 0k Se 
* Ann. 5. in the Notes *, | - 


0 IU 


36. a we have faid concerning the Fall of Bodies in Ge 
Air, and along inclined . Planes, will not agree with Experiments, 
a - becauſe in the Theory we abſtracted from the Reſiſtance of the 
* Air; but when we make proper Allowances for it, the Experiments 

will confirm the Theory. According to the beſt Obſervations a 

Body falling in vacuo ſhould go thro 16 Engliſh Feet and an Inch 

and a Quarter the firſt Second of its Fall; but in the Air it muſt 

| loſe of that Space in proportion to the Motion it gives to the 

Air, which muſt be ſubtracted from its own Motion; ſo that the 

more Matter the Body has in proportion to its Surface Where with 

it ſtrikes the Air, the leſs it will loſe of its own Motion. This 

will be beſt explain d by aß an Account of an Experiment I 

a made, by obſerving the Time of Leaden Balls which I let fall {pm 
_ the Inſide of the SIM of the Cupola i in St. Paul's Chard: | 


% 22 
> 3 4 4 2 © % [1 5 


ExprrIiMENT XVI. 


1 Took bert 14 00 Balls of 2 Inches Pas ON OY: 2 55 
Tie, Which I let fall from a Board fixed 2 Feet over the Top of 
By the inner Cupola, and obſerved the Time of their Fall very nicely 
1 by an Inſtrument which I ſhall hereafter. deſcribe, and found that 
they fell to the Bottom i in 42 Seconds and a very little more. The 
| Height was 272 Feet. Now according to the Theory, the Balls 
in that Time ſhould have fallen 52 Feet farther, that is, 324 Feet; 


therefore 


A Coiirſe of Experimental Philoſophy. 353 


therefore the Reſiſtanee of the Air continually taking off bometbiog Led. V. 
of what Gravity ſuperadded to the Motion of the deſcending Body, 
occafion'd the Acceleration not to be fo quick, and therefore the 
Body was longer in falling that 272 Feet than it onght to have been: 
for ſince a Body falls a Foot the firſt quarter of a Second of its Fall, 
if we take the ſquare Root “ of 272 we (hall have 162 quarters, * N- r;. 
that is, 4 Seconds and + for the Time that a Body would fall 72 - 
Feet in Vacuo. Suppole now that the Reſiſtance of the Air took 
off 5 Inches of the Space which the Balls ſhould have fallen the firſt 
Second; during the 2d Second the Reſiſtance of the Air muſt be 
greater in proportion to the Square of the Body's Velocity; that is, 
as the Body then ſhould go thro 3 Spaces equal to what it went the 
firſt Second, the Reſiſtance muſt be g times greater; conſequently 
the Reſiſtance of the Air would take off 9g times 5 Inches, that is, 
45 Inches of the Spaces gone thro' by the Body in the ad Second: 
ſo likewiſe in the 3d Second, the Body muſt lofe 125 Inches; in the 
4th Second 245; and in the laſt Half. Second above 200; which 
makes about 52 Feet in all, according to what was obſery'd in the 
Experiment. 
N. B. This Calculation is not exact, being given only. as an Tlluſira- 
tion rather than a Demonſtration, and founded upon a Suppoſition 


of 4 Body falling only 61 Feet in the firſt Second of its Fall, ood 
Number «vas taken to avoid Fractions. 


Nn 


SEVERAL Conſequences may be amen fm ide We f + 
Air in regard to Bodies moving in it, and which are verified by Ex- 
periments. The firſt is, That he Motion of a heavy Body is not al- 
ways accelerated, buf at a certain Height it becomes equal and uni- 
form in the Air; becauſe the Reſiſtance of the Air increaſing in 
the ſame Proportion as the Spaces increaſe (and conſequently in a 
duplicate Ratio of the Times, or of the Velocities) this Reſi- 
ſtance may become ſo great, as to deſtroy as much of the Velocity 
as ſhould be produc'd, and by that Means hinder the Velocity of | 
| the moving Body from being increaſed any more; * juſt as if e. and 
Body at that Time ſhould ceaſe to be heavy. The ſecond is, That '3: 
Bodies of different ſpecifick Gravities moving in the fame Medium 
have not their Motions. accelerated after the ſame Manner, by reaſon 
of the difference of their Bulk, compared to their Weight, which 
meets with more or leſs Reſiſtance ; becauſe thoſe of a greater 
Bulk, when the Weight is the fame, drive ! more Air before them 
than thoſe of a leſs. 
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Lect. V. 


TAE Third is, 'T That the. orien f e. Bodies. is 4 ferent ac- 


Lc eelerated in different Mediums, and in the moſt denſe Medium it be- 


comes equal ſooneſt ; becauſe the more denſe the Medium is, the more 
Difficulty: it has to make its Circulations, and it rage Mato he 
more eaſily. Fi | | Cp . 

Tu E Fourth is, That the heaft Bodies of the fame. eee 
Matter fall with leſs Velocity, and come Sooneſt to an Equality; 
becauſe that Body which has a greater Surface is more reſiſted than 
that which has a leſs, and the leſs. Bodies have a greater Surface than 
the great ones in reſpect of their Weight or Solidity: for we are 


taught by Geometry, that if a Cube has its Surface, ſor Example, 


of one Foot, another Cube eight times as heavy will have its Sur- 
face but of four Feet. According to this Principle, the Duſt falls 
very flowly when it is rais'd, Birds ſuſtain themſelves in the Air 
by ſpreading their Wings; and a Charge of Shot will not go near 
ſo far, as a. Bullet of the ſame Weight ſhot from the ſame Gun with 
the ſame Quantity of Powder, tho' both begin to move with equal 


Velocities. 


T-x x Fifth is, That ere is a 8 Height which pro- 
duces in @ heavy Body the greateſt V. elocity that it can acquire in 
Falling; ſo that if it ſhould fall from an higher Place it would have 
no more Velocity: which is evident from the firſt Conſequence, 
where we have ſaid that the Motion of a heavy Body is not continual- 


ly accelerated ; but that at a determinate Height it becomes equal. 


Tur Sixth is, That there'd is a determinate Height, the greateſt of 
all thoſe to which the V. elocity which a Body bas acquir'd in falling, 


can make the ſame Body riſe up again; becauſe by the foregoing 


Conſequence, there is a determinate Height which produces the 
greateſt Velocity that a falling Body can acquire, and that Velocity 
can make it rife _ again but about to the ſame RIO 


TH Seventh is, That @ Body thrown upwards by a Force greater 
than the greateſt that it can acquire in falling, ought to be longer 
in failing than riſing ; becauſe the Velocity of a Body thrown up 
to any Height whatever is continually diminiſh'd ; whereas the Ve- 
locity of the ſame Body in its Fall increaſes but till it comes to ſuch 
a Height; it being certain that if it ſhould increaſe continually, the 
Body would be juſt as long in Feng as in 1 * 

6 HE 


4 Curſe of E xperimental Philo oophy. 


Tun Eighth is, That F a Body be thrown dewnwards by W Lect. v. 
that exceeds a greateſt Force it can acquire in falling, it wi 2 babe 


a retarded Motion; becauſe by the fr Conſequence the Body 
which falls with the greateſt Velocity that its Fall would give it, 


meets with a Reſiſtance in the Air, equal to its Gravity; and when 
it goes with a greater Force, the Reſiſtance of the Air becomes 
greater ſtill, and muſt deſtroy part of the Motion, which thus 


will be flacken 'd and retarded. 


Tris laſt Conſequence ſhews why. a Cannon-Ball ſhot down- 
wards retards its Motion; becauſe ſuch a Ball is put in motion by 
the Force of the Powder, which gives it a greater Velocity, than 
that which its abſolute Gravity would have given it in falling: And 
the ſeventh Conſequence ſhews likewiſe the Reaſon of this Experi- 
ment, which Father Merſennus takes notice of in his Balliſtica, or 


Art of thrawing heavy Bodies, Prop. 13. 


TAIS Author ſays, that he has found by Creel Experiments, 
that an Arrow which has been three Seconds in riſing, has been 
five in deſcending; and tho' he adds that an Iron Bullet of three 
Pound weight having been ſhot upwards perpendicularly by a Mor- 
tar-piece a Foot long, has ſpent as much time in rifing as in deſcend- 
ing, dig. Six Seconds; yet it does not follow, that it muſt always 
happen ſo, the Difference not being ſo confiderable in a Bullet as 
in an Arrow, whoſe Motion comes. ſooneſt to an Equality, by 
Treaſon of its Lightneſs. 


A common Bomb not receiving from the 1 55 Charge of Pow- 
der a Velocity greater than the greateſt it can acquire in falling, is 
as long in coming down as it is in going up. But a Ball of light 
Wood or of Cork (which in a Vacuum would go much higher 
and farther than a Bomb of the ſame Bigneſs, becauſe it receives 
from the Powder ſo much more Velocity at firſt as it has leſs Mat- 
ter) will not go ſo high as a Bomb, and alſo will be longer in 
coming down than in going up, on account of the Air's Reſiſtance, 
which has more Effect upon thoſe light Bodies for the Reaſons 
above-given. 

N. B. It is not mathemati ically true, that a Body falling in the 
Air ever comes to an equal Motion; but as it always ap- 
proaches nearer and nearer to it, ue $97 take it to be ſuch 
phyfically, and reaſon ſrom it accordingly. 
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A Conrſe of Experimental Philoſophy. 
37. 1 ſhew'd, after explaining the firſt. Law of Motion, how far 
it would ſerve to make us acquainted with the Motion of the hea- 


venly Bodies, by ſhewing in what manner Gravity and the projec- 


tile Force keep thoſe - Bodies in their Orbits; but it requir'd the 


underſtanding of the ſecond Law to conceive. rightly how they move 


+ Pl. 25.F.18. 


in Ellipſes that have the central Body in one of the Foci, and why their 
Velocities are ſucceſſively accelerated and retard ec. 


38. Bur before I proceed to conſider this, I muſt explain ſome 
aſtronomical Terms, and ſhew what is meant by ſaying, that the 
Planets and Comets in reſpect to the Sun deſeribe Area's about it pro- 
portronable to the Times; as ikewoiſe the Satelittes in reſtect to their 
primary Planets. And this is a Truth known and. own'd by all mo- 
dern Aſtronomers, however they differ in accounting for the Cauſes of 
the celeſtial Motions. | | 


SUPPOSE a celeſtial Body to move round another in a Curve 
returning into itſelf as a Circle or an Oval; as for Example, the 
Moon about the Earth, whoſe Orbit we will conſider at firſt as cir- 
cular, tho' it is really elliptical. If at any Time of a certain Day we 
obſerve the Moon's Place in its Orbit to be at L +; and the Day 
after, at the ſame Time, the Moon is found to be at another Place 
as L, the triangular Space T L L (being contain'd by the Line or 
Ray T L drawn from the central to the revolving Body, at the firſt 
Obſervation, the ſame Line in the Situation T' L at the ſecond 
Obſervation, and the Arc LL deſcrib'd by the Moon during the In- 
terval of the Obſervations) is call'd an Afronomical Area, and the 
Ray T L, conſider'd as ſweeping along that Space and carrying the 
Moon with it, is called the Radius vector or ſweeping Ray. If 
lome Days after, for Exainple 14 Days after, we oblerve the Moon 
at l, and the next Day at the ſame Hour and Minute obſerve it to 


be at /, the Area III will be equal to the former Area T LL, 


4+PI, 25. F. 18. 


which was deſcrib'd by the Moon and Radius vector in the ſame 
Time: And this is what is meant by ſaying, that revolving Bodies 
in the Heavens deſcribe about the central ones Area's proportionable to 
the Times. ö . 8 | 

39. HERE we are to obſerve, that the Triangles or Area's TL L, 
T I/; are not only equal but fimilar, and therefore the Body L 
does in this Cafe deſcribe the equal Arcs L L and 1/7 in equal 
Times, as yell as equal Area's; ſo that the Motion of L, round 
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they diſturb cach other by their Gravity towards one another, and 
as they are diſturb'd by the Sun according to the different Diſtances 
of Jupiter from the Sun, or by Saturn, whoſe Attraction becomes 
ſenſible at, and near, its Conjunction with Jupiter. But all theſe 


Inequalities may well be neglected here; becauſe, tho' they are 


certain Conſequences of the mutual Attraction of Bodies, they are 
not conſiderable enough to be obſerved with Teleſcopes. 


40. Now let us ſuppoſe the Body T not to be in the Center of 


the Orbit, as the Earth is not in the Center of the Moon's Orbit, 


but to be diſtant from it the whole Length CT (Fig. 19. +) If er 25.F.19, | 


the Moon or the revolving Body be obſerv'd at L and L, and fo 
found to have gone through the Arc LL in one Day's Time; 
then again if it be obſerv'd- 14 Days after at l, the next Day it will 


not be at a, (to which Point it, would have gone in a Day if its 


Velocity had not increas'd) but it will be got quite to /, its Velocity 
increaſing ſo as to make it deſcribe ſo much a greater Arc as it is 
nearer to the central Body T; otherwiſe the Area laſt deſcrib'd 
would not be equal to the Area firſt deſcrib'd: for as much as 
TI, the Diſtance from the central Body in the beginning of the 
Deſcription of the laſt Area, is leſs than T L the Diſtance from 
the central Body in the beginning of the firſt, ſo much muſt the 
Arc deſcrib'd in the laſt be greater; that what this laſt Area wants 
in length, may be made out in breadth. 


4 Ts, inſtead of a Circle, the revolving Body moves in an El-. 


lipſe, in one of whoſe Foci the central Body is plac'd, (as is the 
Caſe of the Moon about the Earth, but more ſtrictly ſo of the 
Planets and Comets in their Motion round the Sun;) and the 
whole periodical Time of the Body's Revolution be divided mto 
equal Parts, in every one of thoſe Parts of Time the Body (by 
its Radius vector) will deſcribe- an equal Area, but none of thoſe 
Area's will be ſimilar, except thoſe that are deſcrib'd on each Side 
of the Axis of the Ellipſe, in correſpondent Parts of the Curve, at 
equal Diſtances from the central Body. Let ABC D EPF G 


H I + repreſent one of the Ellipſes, which is deſcrib'd by a Planet t pl. 25. F. 20. 


or a Comet round the Sun; PSs A the Axis of the Ellipſe, and 
8, s, its Foct; 8 the "Van, and A a Planet at the Sun's Apbelion 
| (that 
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I is equal, neither accelerated nor retarded. Such are the Motions Lect. V. 
of Jupiter's Satellites about his Center, their Orbits being circular —— 
(as far as Obſervations have been made hitherto) except ſo much as 
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Lect. V. (that is, at the greateſt Diſtance from it) and P the ſame Planet at the 
=> Perihelion (or leaſt. Diſtance from the Sun) and the Time of the 


+ Pl. 25. F. 
no. 


® L. 1. page 


9, 32. 
1 Exp. 15. 


page 322. 


Revolution be divided into 10 equal Parts; the Planet ſetting out 
at A and going towards B, by its Radius vector A 8, will delcribe 


ſucceſſively the 10 equal Areas AS B, BSC, CSD, DSE, ESP, 
PS F, FSG, GSH, HSI, ISA, of which only every two corre- 


ſpondent Area's are alike, as BSC is like ISH, DSE like 
GSF, @&c. 


COROLLARY I. 


H ENCE follows, that in an Sh Orbit, ſuch as an Ellipſe, . 
the revolving Body moves faſter at the Peribelion (che Sun being in 


one of the Foci) than at the Apbelion ; accelerating its Motion from 


the Apbelion to the Peribelion, and retarding it from the Peribelion 
to the „ 8 


COROLLARY IL 


HENCE "7 Ru ao. that the more excentrick (chat! is, the longer) 
the Ellipſe is, the greater is the Difference of Velocity at the Peri- 
helzon and Apbelion; ſuch is the Caſe of Comets, which moving in 
very excentrick Ellipſes, go thro' the lower Part of their Orbits 
with very great Velocity, but move extremely flow near their 


| Apbelia. 


- 


COROLLARY l. 


Tris ſhews why a Planet, tho' it be much more ſtrongly at- 
tracted in its Peribelion than its Apbelion, will not be drawn into 
the Sun ; becauſe it acquires a greater centrifugal Force as its Velo- 


city increaſes, and thereby balances the Sun's increas'd Attraction. 


So likewiſe, when the Planet goes from the Perihelion to the Aphbe- 
lion, tho' the Sun's Attraction be decreas'd, becauſe of the in- 
creas'd Diſtance, the Planet will not fly out of its Orbit; for the 
Velocity decreaſing, the centrifugal Force decreaſes alſo. In the 
Ellipſe repreſented by Fig. 20 +, when the Planet is at P, it is 


fix times nearer the Sun S Hi when it is at A, therefore it is 36 


times more attracted * ; but then its Velocity being alſo ſix times 
reater, the centrifugal Force increaſing as the Square of the Ve- 
locity , becomes 36 times greater. So that the Attraction, or 
. 1 | accelerating 
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accelerating Force * (however it increaſes or decreaſes, on account Lect. V 


Force of the Planet. 


of the different Diſtance) is always balanced 1 the enen 


COROLLARY 1 


— mmmncd 
e 


HENCE we ſee, why thoſe Planets, which are neareſt to the 
Sun, perform their Revolutions in ſhorter Time than thoſe which 
are farther off; that their greater Velocity may give them a ſuffi- 
_ cient centrifugal Force to balance their centripetal Force (or Gravi- 


tation) towards the Sun ; Regard alſo n had to their Quantity 
of N 


THE Satellites of Jupiter and Saturn alſo have their Periodical 


Times ſhorter, as OY are nearer to their Primaries, as we have 
already hinted . 


TO the Orbits of the Planets are nearly circular; yet as the 
Feci of an Ellipſe are confiderably diſtant from one another, even 
when the Curvature does not much differ from that of a Circle; 
the Excentricity will be ſenſible enough to be obſerv'd. Hence it is, 
that our Winter Half-Year (in the northern Hemiſphere. of our 


+ Exp. 12. 
p. 321. 


t Ne 7. 


P+ 317. 


Earth) in which we go thro' the Peribelion, is 8 Days ſhorter than 5 


the Summer Half-Year, Ge. 


42. K EPL. E R was the firſt ws diſcover'd, that the Planets, 
by a Ray drawn from them to the Sun, deſcrib'd Area's propor- 
tionable to the Times; and gueſs'd that the Cauſe might be a 
Gravitat towards the Sun; but he did not demonſtrate it. But 

' Ju. Newton has demonſtrated it in his Principia, ſhewing, that 

nen a centripetal Force drives one Body towards another, and that 
firſt Body has received the Impreſſion of a projectile Force in any 
other Dire&ion, it will deſcribe round this laſt, Area's proportional 
to the Times; and vice vered, that if a revolving Body, by a Ray 
drawn to a central Body, deſcribes Area's proportionable to the 
Times, it is ated upon by a centripetal Force. Then he ſhews 
(from Obſervations of the Moon's Motion) that the centripetal 
Force is the very ſame as Gravity, which makes our Bodies fall by 
an accelerated Motion near the Surface of the Earth. We ſhall give 


his Demonſtrations and a farther Account in the Notes f. + Ann. 6. 


43. IN 
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43. In the mean Time I ſhall endeavour, in the eaſieſt way, to 
e how Gravity makes the Planets deſeribe their excentrick Or- 


bits with a Motion uniformly accelerated and retarded: for tho' T 
| ſhall give no ſtrict Geometrical Account of every thing relating to 


this Motion, and the Nature of the Curve, yet every Aſſertion will 


be a Conſequence of the two N of Motion, already explain d, and 
| their CRANE?” 


Plate 25. Fig. 20. | 
TAE Ellipſe repreſented by this Rente is more edchilttick 
"hos any of thoſe that are deſcribed by the Planets, but not ſo ex- 
centrick as thoſe that are deſcribed by the Comets. I took it at a 


Mean; becauſe, as both the Comets and Planets are retain'd in 


their Orbits, and continue their On from the ſame Lats, one 
Explication might ſerve both. 


Lr S repreſent the Sun, A the Planet or Comet, which Gra- 


vity (or the mutual. Attraction of the Sun and revolving Body). 
drives towards the Sun in the Direction A S, and let AM repre. 


ſent the Quantity of that Force; that is, the Space, which that 


Force alone acting, would cauſe the Planet to go thro' in a given 


Time. Let the Planet A be ſuppoſed to have receiv'd a projectile 
Force in the Direction A & at right Angles to AS. If A à ex- 
reſſes the Space, which the projectile Force alone would make 
the Planet deſcribe in the ſaid given Time, and the Quantity of 
that Force be ſuch, as acting jointly with Gravity, will make the 
Planet (ſetting out in the Diagonal An of the compleated Parallelo- 
gram Aa m M) deſcribe the Circle A m y &c. whoſe Centre is 8 
the Centre of the Sun; then a greater Vis empreſſa, or projectile Force, 
ſuch as A &« (the Force of Gravity A M remaining the fame) will 
make the Planet ſet out in the Diagonal An of the compleated Pa- 
rallelogram A n M, and deſcribe an Ellipſe An, &c. - whoſe 
neareſt Focus is 8: then will the Point A become the Peribelion 
inſtead of the Aphelion, and the Motion will be retarded from A 
till it comes to the Apbelion on the other Side of 8; and then 
from that Aphelion accelerated till it comes back to A, from whence 
it began its Motion. But if the projectile Force be leſs than 
what we have ſuppoſed capable of making the Planet move in a 
pea and it be expreſſed by A a inſtead of A a, then the Planet 


(begin- 
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(beginning its Motion in the Diagonal A B of the compleated Lect. V.. 
Parallelogram A a B M) will deſcribe the Ellipſe ABC DE PFGHS 
I A, the Sun 8 being in the farther Focus, and the neareſt Focus 


wilt be at 4; 1 that now A will be the APE, and P the Pe- 
ribelion. | 


pl. 45. F. 20. 


No w to how bow the Planet is accelerated in I geläg from the 
Aphelion to the Peribelion; let us obſerve that at firſt ſetting out, 
the Direction of the Projectile Force A « is at right Angles with the 
Direction of Gravity (or the centripetal Force) A 8. When the 
Planet by the joint Action of the two Forces is come to B; the 
projectile Force has its new Direction along the Tangent B 6, which 
makes an acute Angle with the new Direction of Gravity which 
now is BS; therefore the Planet will deſcribe a longer Diagonal 
in the ſame Time *, viz. B C; that is, increaſe. its Velocity ſo that * No. 13. 
the Area BCS may by a Breadth proportionably greater be equal 
to the longer Area A B S. When the Planet is come to C, the 
Direction of the projectile Force along the Tangent C c till making 
an acute Angle with CS the Direction of Gravity, the two Ferces 
conſpiring ſtill accelerate the Planet and carry it from C to D 
in the ſame Time that it went at firſt from A to B. The ſame 
Forces conſpiring ſtill in their Directions Dad and D 8, when the 
Planet is at D, will in a Space of Time equal to the former carry 
it to E: and laſtly, the ſame Forces with their conſpiring Direc- 
tions will ſtill accelerate the Planet in its Motion. from E to its Pe- 
ribelion P, where its Velocity is the greateſt of all. At P the Pe- 
ribelion, the Direction of the projectile Force is along the Tangent 
P p, and makes a right Angle with P S the Direction of Gravity; 
and the Planet from the Action of thoſe two Forces will go to F. 
When the Planet is at F, the Direction of the projectile Force along 
the Tangent FF makes an obtuſe Angle with FS the Direction of 
Gravity, and therefore the Motion of the Planet muſt be retarded, 


|  *® becauſe the Diagonal FG will be ſhortened, as the Angle f F G «x9 13. 
. opens, and the Forces begin to act againſt one another. The Angle 
| above-mentioned will ſtill increaſe at G, ſo that the Force of Gravity 


in the Direction G S will check the projectile Force which now acts 
in the Line G g, and ſtill retard the Planet more. The Angle conti- 
nuing to be obtuſe at H and I, the Planet is ſtill retarded till it comes 
to A the Aphelion, where its Motion is the ſloweſt of all. It nay 
Are be objected here, that ſince the Angles a A 8, B 8, C 
8, Sc. only decreaſe ba os way 3 AtoP; * and the Angles SP p, Ann.: 
Vo „ A a a | | SFf, 
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8 
Pl. 23. F. 2 
* Ann. 7. 


. 25. F. 21. 


$F Hb, Ge, auh le, half I P40 A *; the Planet de: 


Lending towards "ihe Perihelion ſhould not incredſe its Velocity after 


® #t is come half way, becauſe then the Angles, as S Ee, Gc. increaſe 
again : neither ſhould it retard its Motion after it has. moved baif 
way from P to A, becauſe the Angles made by the Directions of the 
two Forces no longer increaſe, but gradually decreaſe. But then wwe 
muſt; conſider, that there is another Cauſe of Acceleration and Re- 
tardatlon which does not depend upon the Quantity of the Angle above- 
mentioned, but continues to increaſe after the Angles ceaſe to diminiſh 
in the Deſcent of the Planet towards the Sun; and that Cauſe 
likewiſe continues to decreaſe in the Aſcent of the Planet from the 
Perihelion 0 the Aphelion, even after the Angles of the Direfions 
of the Forces ceaſe to increaſe : and that Care is the diminiſhed 


or increaſed Diſtance of the Central Body. (or the Sun S) the Power 


of Attrattisn changing continually in a reciprocal Proportion of the 
Square of that Dijtance. If, for Example, ue would compare. the 
Velocity of the Planet at D and at E, we muſt compleat the Paral. 
lelogram D E d, of which the two Sides D and D d ref preſent 
the Force of Gravity and the projectile Force when the Planet is 
at D; then we muſt alſo compleat the Parallelogram E P e, in which 
E eis greater than D in. the ſame Proportion as Gravicy is greater 
at E than D; hkewiſe E e muſt be greater than D d, in Proportion 
as the projedlile Force by its continual Acceleration 1s there alſo become 
greater; and tho the Angle « E e is greater than D d, we ſhall 


have a greater Diagonal E P on account of the greater Len geb F the. 
Sides in the Parallelo gram « EeP. | 


4. To ſhew how agreeable the Gravitation of Planets and 
Comets (for what we have ſaid of Planets. is as applicable to Comets) 
towards the Sun, is to the Gravitation of heavy Bodies towards 
the Earth; let us take a View of the 21ſt Figure + repreſenting a 
long Ellipſe, or the Orbit of a Comet about the Sun 8, when re- 
preſents the Peribelion. The Semi-Ellipſe T à is the Line in 
which the Motion of the Comet is uniformly retarded, and the 
Semi-Ellipſe , ½ the Line in which the Motion of the Comet is 
uniformly accelerated. Now, if inſtead of including the Sun'S in 
the Orbit, we . ſhould from one Part of the Surface of the Sun P, 
project a Body upwards, fo that it ſhould riſe as far as A, its Mo- 
tion would be uniformly retarded till it came to A, where it would 
have its leaſt Velocity ; then it would turn again, and fall _—_ 

ine 
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Line A p accelerating its Motion till it came to p, taking up juſt as Lect. v. | 
much Time fin its Aſcent as Deſcent. And this is what we have Como | 
ſhewn concerning the Action of Gravity upon Projectiles, abſtracting 
from the Reſiſtance of the Air. 38 ; 


45. Bur now let us take in the Reſiſtance of the Air, and com- 
pare it with any reſiſting Medium, to ſee what would happen to the 
Planets, if they moved in ſuch a Medium. . 


Wr have ſhewn ||, that when Bodies move in the Air, they loſe | Ne. 3. 
of their Motion by the Reſiſtance of the Air, in proportion to the Pag. 350, 33; 
Square of their Velocity z and that that Reſiſtance hinders falling 
Bodies from accelerating their Motion, as they would do, if they 
fellin a Vacuum; becauſe that Reſiſtance continually taking away 
ſome Part of the Velocity which Gravity ſuperadds to the falling 
Body, continually brings the Motion of the Body nearer and nearer 
to a Motion of Equality. Now, if the Planets moved in a refifting 
Medium, ſuch as the celeſtial Matter, which the Cartefans ſuppoſe ; 
the Reſiſtance of that Matter would hinder a Planet from acquiring, 
that Velocity in its Deſcent to the Perihelion, which is neceſſary to make 
its centrifugal Force balance the Force of Gravity: for this laſt Force 
would always increaſe in proportion to the Square of the decreaſed 
Diſtance, let the Medium encompaſſing the Sun be of what Nature 
it would; but the Centrifugal Force would want its proper Increaſe, 
it the Planet wanted its required Velocity. The Confequence there- 
fore would be, that the Planet wonld change its Track and come 
nearer to the Sun, and revolve in a longer Ellipſe. The next Re- 
volution, the Planet coming towards the Peribelion, and wanting its 
due centrifugal Force, would be brought nearer to the Sun by the At- 
traction (notdiminiſhed, but increaſed, becauſe now the Peribeliun would 
be nearer;) then again would the Ellipſe be changed into a longer, 
and the next Peribelion would be ſtill nearer, till the Planet for want 
of its due Velocity in a Direction along the Tangent, approaching 
nearer and. nearer every Revolution, would at laſt fall into the Sun. 


No w, fince no ſuch Thing happens, it is evident, there is no ſuch | 
reſiſting Medium, or celeſtial Matter of a Vortex, as the Carteſians 
ſuppoſe to be the Cauſe of the Motion of the Planets round the Sun, 
So far from that, that ſuch a Fluid would deſtroy the Motion' of the 
Planets, as we have ſhewn. | 
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Courſe of Experimental: Philoſophy. 
But what deſtroys. the. Cartgſian Hypotheſis at once, (as well as 

ihe Opinion of thoſe antient Philoſophers, who ſuppoſed ſolid Orbs 
of Cryſtal to belong to every Planet, and carry it round) is the 
Obſervation of Comets, which are neither Meteors, as ſome of 
the Antients ſuppoſe them, nor Planets ſtraying from one Vortex 
to another, as the Cartęſians aſſert; but Planets moving in very ex- 
centrick Orbits, which we ſhall conſider more fully in another Place“. 
Only here we are to obſerve, that they move freely to and from 


all Parts of the Heavens; and therefore there can be no cryſtal 


ſpherical Shells, which would ſtop. them; nor Whirlpools of Mat- 
ter, which would change their Direction by degrees, and at laſt 
make them move neatly in the ſame Plane as the Planets, whoſe 
Orbits have all their Planes contained in the Breadth of a Zone of 


a few Degrees. But what is moſt contrary to the Carteſian Hy- 


potheſis, is the Motion of a retrograde Comet, ſuch as that of the 


Tear 1682, which moving from Eaſt to Weſt, was carried directly 


againſt the ſuppoſed Stream of celeſtial Matter; and, inſtead of ha- 
ving its Motion firſt: diminiſh'd, and then quite ſtopp'd, and after- 
wards being carried in a contrary Direction, (which muſt follow, 
when a Body moving from Eaſt to Weſt falls into a Vortex, whoſe 


Matter moves from Weſt to Eaſt) it acenlexated its Motion in its 
Deſcent towards the Sun. 


F 


46. Tuo“ we may very well call the Medium, in which Planets 
move, a Vacuum; yet; fince Light is propagated thro' all the ce- 
leſtial Spaces, and ſome fine Efiuvia may be ſeparated from the 
Comets and Planets, there will (ſtrictly ſpeaking) be ſome Reſiſt- 
ance to the Motions of the Planet, tho' not ſo much by many 
thouſand times as our Air would make; and that Reſiſtance after 
a great Number of Years, muſt ſo alter the Motion of the Planets, 


{| This is Sir as to require the Author of Nature's mending Hand ||. If any Al- 


L/aac News- 
ron's Opinion. 
See the Que- 
ries at the 
End of his 


Optics, 


teration , has been found in their Orbits, tho' ever ſo ſmall, ſince 
Aſtronomers began to make accurate Obſervations (as a great ma- 
ny aflert that there has) that will be ſufficient to ſhew, that the 


World is not eternal, if there were no other Arguments againſt its 
Eternity. | 


Tux Sun has been obſerved to have a conſiderable Atmoſphere ; 
as its Surface, on account of the prodigious Heat, muſt always be 
throwing out Efluvia, thoſe Efluvia (except ſuch as are ſmall 
enough to become Particles of Lot, and be darted off with __ 
menſe 
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menſe Velocity) floating about round the Sun's Body, muſt make a Lect. V. 
Medium, at leaſt as denſe as our Air. Now, if a Comet come 


near enough to go into the Sun's Atmoſphere, it will on the ac- 
count of the Reſiſtance it meets with, come nearer and nearer to 
the Sun every Revolution, and at laſt fall into it. Such may in 
Time be the Fate of the Comet obſerved in 1680, which came fo 
near the Sun as to be, at its Perihelion, no farther diſtant from the 
Sun's Surface than the 6th Part of the Sun's Diameter. For what 
we know, many a Comet may have fallen into the Sun without our 
Knowledge and Obſervation; and perhaps thoſe Bodies may ſerve 
as freſh Fewel to repleniſh the Waſte of the Sun in ſupplying the 
| Syſtem with Light. For tho' it has been objected, that a Comet 


would be but a ſmall Supply, yet if it be as big as the Earth, it 


will be in Diameter the 100th Part of that of the Sun; that is, in 
Solidity the Ten hundred thouſandth Part; and that may be as 
much as the Sun in many Years may loſe in Light: nay, tho' the 
Comet ſhould be no bigger than the Moon (as moſt Comets are ſup- 
poſed to be of that Bigneſs) yet it might ſtill be a ſufficient e for 
the Waſte of Light. 


47. Tuo' theſe are but Conjectures, yet it may not be unacceptable. 
to the Reader, to ſhew by a Scheme, how a Comet, when once it 
comes into the Sun's Atmoſphere, will at laſt fall into it. 


Plate 26. Fig. 1. 


Lr ABP = be the Orbit of a Comet, 8 and F its Foci, S the Pl. 26. F. 1. 


Sun, and Dis C the Sun's Atmoſphere. When from the Apbeli- 
on A the Comet is come towards the Peribelion as far as B, the 
Reſiſtance of the Sun's Atmoſphere hindering ſome of the Accele- 
ration, which the Comet ought to have, the Sun's Attraction will 
give its Orbit more Curyature at the Peribelion, bring it nearer 
to it (elf, and make it come to 6 inſtead of 4 in its going off; ſo 
that it will then have leſs Curvature, the Sun's Attraction at its 
going off acting more directly againſt the Direction of the projec- 
tile Force. This will make the Ellipſe longer, carry the Apbelion 
to A, and make the Focus at F be farther off from the Sun than 
when it was at F. The next Revolution, when the Comet comes 
down to B, it will ſtill come nearer to the Sun in its Peribelion, and 
quit it at B in a new Direction, ſo as to go off in an Ellipſe ſill. 


longer, whoſe farther Focus is at e, and Aþhelion at a; and ſo on, 
| till 
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'Le&.V. till at laſt ĩt comes down to the Sun in the Line @ S. But if a Dont 
— or Planet moves in the Orbit « p, whoſe Foc? are at the Sun 8 and at 


F, and whoſe Peribelion p is quite out of the Sun's Atmoſphere, | 


the Motion of the revolving Body wAl not be ſenſibly diſturbed in 
many thouſand Years. 


OruER Things ning to Aſtronomy cannot as wall underſtood 
till we have explained 


The Third Law of _ 


48. To every Attion there is always oppoſed an equal Raabe; or 


the mutual Actions of two Bodies upon each other, are always equal, and 
directed to contrary Parts. 


WuATEVER draws or preſſes another, is as much drawn or 


preſſed by that other. If a Man prefles a Stone with his Finger, 
the Finger is alſo preſſed by the Stone. If an Horſe draws a Stone 


tied to a Rope, the Horle (if I may fo ſay) will be equally drawn 
back towards the Stone: For the ſtretched Rope, by the ſame 
Endeavour to relax and unbend it ſelf, will draw the Horſe as 
much towards the Stone, as it does the Stone towards the Horſe, 
and will obſtru&t the Progreſs of the one as much as it advances 


that of the other. Suppoſe, for Example, that the Horſe is able 


to overcome an Obſtacle equal to 1000 Ib Weight, preſſing againſt 
it with his Breaſt; when the Horſe draws a Stone of 100 I 
Weight, he will then be able to ſurmount an Obſtacle but of goo Ib, 


the Stone taking away from the Force of the Horſe as much as 


ſerves to bring it felf forward. We mult therefore take care rightly 
to underſtand the Term as much, and diſtinguiſh it from as far. 
If a Body ſtrikes upon another, and by its Force changes the Mo- 


tion of the other, that Body alſo (becauſe of the Equality of the 


mutual Preſſute) will undergo an equal Change, in its own Motion 
towards the contrary Pam. The Changes made by theſe Actions 
are equal, not in the Velocities, (unleſs in ſuch Caſes as the two 
Bodies have the ſame Quantity of Matter) but in the Motions or 
Momenta of the Bodies; that is to ſay, if the Bodies are not hindered 

by any other Impediments. For, becaufe the Motions are equally 
changed, the Changes of Velocities made towards contrary Parts, are 


reciprocally proportional to the Bodies. T. 15 Lau takes place alſo in 
traction. 7 
ale 
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3 Plate 26. Fig. 2. ne YN 
49. Ir in a large Veſſel of Water, AB, a Loadſtone L / be fer | 
afloat on a Piece of Cork, and a Piece of Iron or Steel Ii of the 
ſame Weight be likewiſe ſet afloat on another Piece of Cork, they will 
come towards one another and meet at C the middle of their Diſtance; 


which ſhews, that the Attraction is mutual between the Loadſtone 
and the Iron, 7. — 5 


I is, well known, that any long Piece of Steel, which has 
had each End drawn over the Poles of a Loadſtone, will with one 
End attract the Pole that gave it the Virtue, but repel the other 
Pole; and ſo likewiſe with the other End. If then Iz be the 
touched Piece of Steel, whoſe End I, has received its Virtue from 
the Pole L of the Stone, and i from the Pole /; the Steel and 
Stone will come together in the manner above-mentioned; when I 
is placed towards L: but if either i of the Steel, be placed towards 
L of the Stone, or / of the Stone towards I of the Steel, and they 

be brought as near to C as the Corks on which they float will al- 
low, then as ſoon as they are left to themſelves, the Stone and 
Steel will repel one another; which ſhews, that Action and Re- 
action are equal and contrary as well in the Repulſions as At- 
traction ðᷣͤ 3 $ Ann. g. 
Fo. AG and BF * are two Boats of equal bigneſs and weight, - Pl. 26. F. z. 

floating on the Water and at reſt, at the Diſtance G F; a Man in _ 
one of them at G pulling a Rope faſten'd at F, by pulling will 

bring both the Boats together, and they will meet at C their com- 

mon Center of Gravity, which happens alſo here (becauſe the | 
are equal) to be the Middle of their Diſtance F When the Boats 5 L. 2. Ne. 37. 
are together at C, if the Man puſhes the Boat F B from him, that 

Boat and his own Boat will recede from each other to equal Di- 

ſtances from C. But if the Boat F B had been as big again (for 
Example, had been F B H) and the common Center of Gravity of the 
two Boats had been at c, the Diſtance of the Boats being GF; 
then by the Pull of the Man, the Boats would have met at c, the 
| biggeſt Boat going thro' but half the Space which the leaſt would go 

thro'; likewiſe if they were puſhed aſunder from the Point c, the Ve- 
locity of their Receſs would be reciprocally proportionable to their 
Maſs; that is, A G would recede as far again as F BH, the common 
Center of Gravity in both Caſes being at refſtY, It is plain here, 5 L. 2. No. zi. 


that 
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that the Momenta of both Boats will always be equal, tho' their 


Velocities are only equal when the Boats are ſo; and theſe equal 
Momenta, whereby the Boats are carried towards contrary Parts, 
ſhew that Action and Re-action, in all Cafes where Bodies act up- 


on one another, are equal and contrary. If the Boat A G had been 


cloſe to a large Ship, and the Man had puſhed his Boat off; he 


would have given as much Motion to the Ship as to the Boat: I 


ſay, the Ship would have mov'd as much, but not as far; becauſe 
the Velocity of the Ship being as much leſs as the Ship is bigger 
than the Boat, would have been inſenſible to Sight; and therefore 


the Vulgar in ſuch a Caſe imagine, that the Ship does not move 


gat all; and much leſs, that when a Man puſhes againſt the Shore 


to ſhove off his Boat, he moves the whole Earth as muſt as his 
Boat is moved; tho it is certainly true. In firing a Cannon, the 


_ Exploſion of the Powder puſhes the Cannon backward as much as 


it puſhes the Ball forward, only the Quantity of the Matter being vaſt- 
ly more in the Cannon than in the Ball, the Recoil is but of a 
few Feet, whilſt the Ball goes perhaps 10000 Feet; in confider- 
ing the Recoil, we muſt add the Friction of the Carriage of the 
Cannon againſt the Earth, which will ſtill diminiſh the Velocity 
of the Cannon's Motion. If the Cannon be faſtened to a Ship, we 


feel only a Shock as we ſtand in the Ship when the Cannon is fired, 


becauſe all the Matter of the Ship being added to the recoiling Can- 


non, the Velocity diminiſhes in proportion to the Matter added to the 
Cannon, which makes it inſenſible to the Sight, and only to be felt 


pl. 26. F. 4. 


by a Shock. 


51. ACTION and Re-action are very plainly ſeen in rowing, - 
ſwimming, and flying; as for Example, when the Man K in the 
Boat IK Fig. 4. *.) pulls his Oar, he drives the Water towards H, 


* 


and the Water drives the Boat as much towards D. In ſwimming, 


which is nothing but rowing with the Hands and Feet, we are as 


much puſhed forward by the Water as we puſh the Water back. 
The ſame thing explains the flying of Birds, who are puſhed for- 
ward by the Re-action of the Air againſt their expanded Wings, 
when they ſtrike the Air with them. As for Example, if a Bird 
ſtrikes the Air downwards with his Wings, with a Force equal to 
what would raiſe 10 Pound, the Re- action of the Air will puſh him 
up with the ſame Force; but if the Bird weighs one Pound, the 
Effect of the Re- action of the Air will make the Bird riſe with the 
Force of only 9 Pound; that is, the Bird will riſe juſt as one Pound 


would 


© Cour 2 of — Phitefeph g ph. 28 Pi 9 


would do tied to a String running over a Pulley, by the Force of the Læct. V. 
Deſcent of 10 Pound at the other End of the String. If the Bird 
ſhould ſtrike the Ait only with a Force equal to his own Weight, 

he would for ſome be ſuſpended in the Air without Motion, as we. 

often ſee Kites, Hawks, and other Birds of Frey. 


52. Tus above-mentioned: Laws of Motion once inderſtood, 
the Phenomena of the Tides will be eaſily accounted for; but to 


make the Matter ſtill calier, let us Wont the warns Conſideration 35 
or Lemma along with us. 


IT when three fe are- moving: Hanſen one 4 the ſame Wa ay, 
with the ſame Velocity, there be an additional Force impreſſed upon 

each of them, but greater in the Firſt, leſs in the Second, and yet leſs. 
in the Third; their Diſtances from each other will continually increaſe, 


7ho' they all continue to move the 574 "Iu and all 15 them fa fa yur an 
"yp did 8 W | 


Lit 1 fab pose the thee Biden AG, FB, buſt IK+ (Fig. 3; 1 Pl 26.F.3,4- 
and 4.) to be carried along a Stream from L towards D, floating 
down with equal Velocity, and that there is but one Man to 
row the Boat A G, tuo Men to row the Boat F B, and four Men. 
to row the Boat IK. Now whilſt none of the Men row, the Boats, 
as they are carried down by. the Stream, continue to be at equal 
Diftances. from one another ; ſo that if a Man, fitting in the mid- 
dlemoſt Boat at B, can with a long Rad reach the Head of the' bind- 

moſt Boat at G, and the: Stern of the oremoſs Boat at I, be ſhall 
continue to be able to do it while the Men in the Boats do not com: 
but if we ſuppoſe, that all the Men at once begin to row, the 
Motion of all the Beats towards D will be accelerated, but diffe= 
renily, for the four Men in tbe foremoſt Boat will accelerate it 
faſter towards D than the tuo Men in the middlemoſt Boat, and 
thoſe two laſt will male their Boat go on faſter than the fingle Man 
in the laſt Boat AG; ſo that the Perſon, ubo holds @ Rod in the 
middle Boat F B, vill no longer be able to reach either the Boat that 
goes before him, or the Boat that follows him; but will be. apt to 
fancy (when be does not attend to his own Motion) that the Boat be- 
fore bim baſtens away from bim, and that the Boat behind bim goes 
the The, This nnn will help us to EY the Cauſe of 
the Tides. | | 
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53. If che Earth was perfectly ſmooth, without Mountains or 


Voallies, the Sea would make a watery Shell about it, which Shell 
would be concentrick to the Earth, if no Body wag near it, to alter 
pl. 26. F. 5: the Figure of this Fluid by its attraction. Let «py n* repreſent the 


Figure of the Earth in ſuch a Suppoſition, C its Salter, and APLN 
the Surface of the Sea, which is concentrick to the Earth, becauſe 


equally gravitating towards the Center of the Earth in ever Part. 


Now, let us confider, what Effect the Moon at M (C M ing a 


' Diſtance of 60 Semi-diameters of the Earth) muſt have. Since 


Action and Re- action are equal, as much as the Moon gravitates 
towards the Sea at L, ſo much does the Sea gravitate towards the 
Moon; but as the Sea does alſo gravitate towards C the Center of 
the Earth, with much more Force (as it has 40 times more Mat- 


ter, and is 60 times nearer) the Moon at the Diſtance ML at- 


tracting it in a contrary Direction, can only take off from the Gra- 
vitation towards the Earth ſo much as amounts to its accelerating 


Force at that Diſtance ML. This will make the Water at L 


{well up to /; and at the ſame time it will be High-Water at A, 
the Water alſo ſwelling up to à on the oppofite Side of the Earth, 
whilſt the Water falls at P and N to ſupply the Riſe at / and 9. 
If we conſider the Water at L, the Earth at C (reducing all its 
Weights into its Center of Gravity, as it is not a Fluid to change 
its Shape) and at the Anti podes of L the Water at A, we ſhall 
come to the Caſe. of the three Bodies, or three Boats in the pre- 
ceding Lemma: for all theſe three gravitate towards the Moon at 
M; but differently according to their Diſtance, in the following 


| Proportions. The Water at L is diſtant from the Moon M, 59 


Semi- diameters of the Earth; but the Centet of the Earth C is 


diſtant from the Moon 60 Somiidiamicters; therefore as much as 3 3600, 
the Square of the Moon's Diſtance from the Center of the Earth, is a 


, greater Number than 34.81 the Square of 59, or the Moon's Diſtance 


from the Sea at L; fo much is the Attractionof the Moon (that is, the 
_ accelerating Force towards the Moon) greater on the Sea at L, than 
the Earth at C, which makes it come forwarder towards the 


Moon to /; or in other Words, this makes High- water at / under 
the Moon. There is likewiſe at the fame time High- water at 
the Autipodes, or oppoſite part of the Earth at a; rf the 


Water there being lefs attracted than the Center of the Earth 


(in the reciproccal Proportion of the Square of the Diſtances, that 1s 
as much as 3600, the Square of the Diſtance of the Center of the 


Earth, is a leſs 1 than 3721 the Square of AM=62 the 


Diſtance 


A n of PR I Phil geh 


Diſtance of the Sea at the Antipades from the Moon) muſt raiſe at Led. 144 


a by being left behind, or not advancing towards the Moon ſo faſt 
as the Center of the Earth. For as the three Bodies L, C, and 
A, all tend towards the Moon; but L with more Force than S 
and C with more Force than A; the Diſtance. CL, as well as the 
Diſtance, C A, muſt increaſe from. thoſe Mr ONE: of TROP act- 
ing the ſame way. 


2 I Havs often heard it cbjefted, that it did. not N proba- 
ble, that the Moon ſhould raiſe the Water at one Part of the Earth, 
as L, by attracting the Water more than the Earth; and at che 
ſame time raiſe it at the oppoſite Side of the Earth, as at A, by at- 
tracting it leſs than the Earth; but the whole Objection will 'va- 
niſh, by explaining the meaning of the Word zo raiſe the Water, 
which here is equivocal. In reſpe& of the Earth, what is farther 
removed from the Center of the Earth is faid to be raiſed, and-in 
that Senſe the Water at à is raiſed as well as at /; but in reſ 
of the Moon at M, if the Water at L is ſaid to be raiſed, becauſe 
it comes to J nearer to the Moon, the Water at A going to a, 
farther from the Moon, ſhould. rather be ſaid to be depreſſed, or 
left behind, as it is leſs attracted than the Earth. If we conſider 
the. Earth drawn towards M. fo that the Part 8« of its Sur- 
face, is brought to B , whilſt the Water remains at A, or comes 
on towards M more ſlowly than the Surface at B « 4, there will 
happen the ſame thing to an Inhabitant at «, as if the Water 
(without any regard to the Moon) had riſen at A from A to a. 
To make this ſtill plainer ; let us ſuppoſe an Inhabitant of the Earth 
at A to ſtand-in the Sea near the Shore, ſo as to have the Water up 
to his Middle, his Feet being towards æ, and his Head towards 2 
the Zenith; if the Moon be in the Nadir at N (that is, under the 
Earth in reſpect to the Man at A) the Earth on which the Man 
ſtands will be drawn downwards whilſt the Surface of the Water 
does not deſcend ſo faſt ; the Conſequence of which will be, that 
the Man will be up to the Neck in Water, whereas he was only 
up to the Middle before; and if he knows nothing of the Moon's 
Action in drawing down the Bottom on which he ſtands, he will 
fay that it is the Water that riſes.——And this is really what is cal- 
led the ene in of the Tide when x we __ the Moon at our An- 
"0 | | | 
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_ 55. For the ſake of ſuch Readers as may not be ſo well fatiſ- 


— fied with what has been ſaid of the Tides hitherto ; III give an hy- 


droſtatical Solution of it, anticipating only one plain hydroſtatical : 
Propoſition, namely, that all Liquors of the ſame ſpecifick, Weight**, 
which being contained in different V. effels have a' Communication, 


Hand at the ſame Height; but if in any of the Veſſels there be a 
Liquor ſpecifically lighter than the reſt, it will riſe ſo much high- 


er as it ts ſpecifically lighter, to reflore the Æquilibrium. Now 
we muſt obſerve, that the Points LN AP being equally diſtant 
from the Center of the Earth C, are equally high, and the Waters 
at thoſe Places, which we ſuppoſe to communicate with one an- 
ther do gravitate towards the Center of the Earth an the Lines L 


C, NC, AC and PC in the 5 Columns L , NA, A 4, and 
t 


Pp: whilſt no other Body but the Earth attracts the Waters. But 
when the Moon is at M, the Columns of Water at L y become 
leſs heavy towards O than they were, becauſe the Moon attracts 
them in a contrary Direction (viz. from L to M) which will have 


the ſame Effect as if the Water there was ſpecifically lighter, as it 


would be if it loft its Saltnefs. But the Columns at P and N do not 
become leſs. heavy towards C; becauſe the Moon drawing at right 


AY Angles to PC and NC, does not diminiſh the Tendency of the Waters 


at P and N towards C; and therefore they retain their full Gravity, 
which makes them over weigh the Columns at L, which have loſt ſome 
of their Gravity towards C: the Waters therefore will fall atP and N,. 
and riſe at L, till the Waters from L coming up to /, have as much 

added to them in Quantity as they. have loſt in ſpecifick Weight-; 
and thereby the Æquilibrium will be reſtored. Likewiſe the Co- 
lumns of Water at A, which have leſs Tendencv towards C, than 
the Waters at P and N, do (as it were) become ſpecifically lighter; 
and therefore, in order to maintain the Æquilibrium, they muſt re- 


ceive an additional un, of ener from P and N, which raiſes 
them up to 8. 


56. I am aware of an- Objection here; which ſeems at fieſbto-bo 
of great Force; namely, That fince the Waters at L by the Moon's. 
Attraction, have a Tendency towards the Moon in the Direction LM, 
the Waters.at A muſt alſo receive a Tendency towards the Moon 
in the Direction AM by the Moon's Action, the! that Action is 
leſs at A than at L; and conſequently that inſtead of their Gravity 

| or 


One Body is fad to be ſpecifically "Ig ter-under the ſame Bulk, or OT as muck. Matter 
viert than another, when it contains more Mat- under a leſs Bulk. 


2 ae if ebe Phils % 1 50 
or Tendenry towards C being diminiſhed, it ought to be increaſed, Lect. V. 


be the addition ever ſo ſmall ; and therefore they ought to preſs more.. 


towards C than the Waters at P DOS N, and fo be lower at A, in 
Read of rifing up to a. 


In anſwer to this we are to conſider that as the Earth as ci is 
more attracted towards the Moon than the Water at A, it is tbe 
ſame thing as removing the Center of Gravity of the Earth from 
C toc, and by that means the Water at A will be ſo much leſs at- 
tracted towards C on account of the greater Diſtance Ac * inſtead L. 1 No. 17. 
of AC, that even with the additional Force given by the Moon 
in the ſame Direction, it will have leſs Tendency towards the Cen- 
ter of the Earth than the Water at P and N, and conſequently 
| it muſt be raiſed up to a by the F low of Water from P and N. 


57. Turkr is yet another Objection which ſeems to deſtroy "Y 
whole Foundation of this reaſoning upon the Tides, and to make 
the Caſe quite different from the Example of the 3 Boats which we 


| have given to illuſtrate it. And it is this, vis. If the Earth C 


and the Waters at L and A (as in the Caſe of the 3 Boats) were 
all carried towards the Moon, the Earth and Moon muſt in time 
come together; but we cannot obſerve the leaſt Approach' towards 
it, the Diſtances of the Earth and Moon varying only according to 
the Nature of the Curve in which the Moon moves, and the joint 
Actions of the Sun and Earth according to the different Poſitions of 
thoſe 3 Bodies, and the different Diſtance of the Earth from the 
Sun as it goes round i in its elliptical Orbit. | 


IN anſwer to . we mult obſerve that it is an ET Con- 
ſequence of the mutual Attraction of all Bodies, and the 3d Lawz 
that the Earth muſt gravitate towards the Moon as well as the 
Moon towards the Earth; but we are not to expect to ſee the 
+ Earth go nearer to the Moon, becauſe another Cauſe deſtroys: that 
Effect. For the Moon and Earth (as we have before obferved- 4 Wy” . 
deſcribing ſimilar Ellipſes round their common Center of Gravity, e 

by the Velocity of their Motion acquire ſuch a centrifugal Force 
as balances (or takes off the Effect of) their centripetal Force to- 
wards the common Center of Gravity. Hence only a Tendency. is 
left, and not a viſible Effect in the Earth itſelf. But in reſpect 
of the Waters, that Tendency muſt produce a viſible Effect, tho 
9 do not leave the Earth; vera there is a Communication 


from 
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from the Water at P and N to the Water at L and A. And as we 


— haue already demonſtrated that the Waters at L and A have a leſs 
Tiendency towards C the Center of the Earth than the Waters at P 


and N; the Effect of that Tendency will be, that the Waters 


muſt riſe at A and L, and fall at P and N, to maintain the ZEquili- 
brium. But if there was no Communication between P, N, and 


A, L, there would be no viſible Effect; that is, the Water would 


not riſe at L and A, as it really does not in Lakes, and ſuch 
Seas as have no Communication with the Ocean, unleſs they have 
a vaſt Extent. | Has Tg he. 


58. Tux next Thing we have to ſhew relating to the Tides, is 


the Riſe and Fall of the Water ſucceflively in any one Place; for 


Example, if it be high Water at Por:ſmouth at Noon, it will be 

low Water a little after Six in the Evening; then about Midnight, 
or ſix Hours after, high Water again; at Six in the Morning low 
Water ; and, about Noon the next Day, high Water again, &c. 
From what has been ſaid it appears, that the Waters about the Earth 


do by the Moon's Attraction form themſelves into an oblong Sphe- 


pl. 26. F. 5. 


roid, whoſe longer Axis produced goes thro'. the Center of the 
Moon; as the Spheroid /N a P *, whoſe Axis is a 4, and which 
produced goes thro' the Center of the Moon at M. Now let us 
ſuppoſe L to be any Sea-Port on the Ocean, as ſuppoſe at Lucaio 


one of the Babama Iſlands in the Latitude of 27 North, and that 


C is the Axis as well as Center of the Earth; and that Lucaio 
is at Noon at L, where the Water is under the Moon M. As the 
Earth turns from Weſt to Eaſt, in ſix Hours Lucaio will be car- 
ried to P, where the Water is low, (for the Spheroid of Water will 
be immoveable in reſpect of the Moon, which we ſuppoſe at reſt 


at M, whilſt all the Countries of the Earth go round in the Cir- 


cle LP AN or other Circles parallel to it); in ſix Hours more Lu- 
caio will come to A, where it will have high Water; fix Hours af- 
ter that, it will be at N, where the Water is low; and laſtly, it will 
return to L the next Day at Noon, and ſo have high Water. 


Tux real Fact is, that if it be high Water in any Place this Day 
at Noon, it will not be high Water next Day till about 53 Mi- 
nutes, that is, near an Hour after Noon to-morrow. The Cauſe 
of which is, that the Moon does not remain at reſt in the Heavens 
as we have juſt now ſuppoſed, but moves in its Orbit 13 Degrees 
and 10; Minutes, as for Example, thro' the Arc M in 24 Hours 

. ee eee 


2 


— 


* 
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(Fig. 6.) ſo that when any Place of the Earth, as Lucaio, has gone 
from L to TL, then to /, and to x, and laſtly to the ſame Place at 
the ſame hour at L; the Moon being no longer at M, but at m, the 
high Water has changed with the Moon's Place, and the long Ax- 
is of the Spheroid is no longer L, but NA; and therefore Lucaio 
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muſt move quite to N where the high Water is towards the Moon, 


the Spheroid of Water being now repreſented by the prick'd Oval, 
whoſe Axis produced is the Linen Nm; and the Time of that Mo- 
tion will be about 5 3 Minutes, at the rate of 15 Degrees in an 
Hour, which every Country of the Earth moves from Welt to Eaſt. 


Sg. BxsipEs this alternate Riſe and Fall of the Water twice in 
24 Hours, it is obſerved that at the Time of full and new Moon, 
the Tides (then called Spring-Tides) are greater than at the Time 
of the Quadratures, that is, when to us the Moon appears halv'd ; 
and as the Water raiſes higher at the Tide of Flood, fo it ſinks lower 


at the Tide of Ebb, when the Moon is Full and when it is New. 


Thoſe Tides that happen at the Quadratures, are called Neap-Tides - 
and both are accounted for by the joint Action of the Sun and 


Ir the Action of the Sun on the Waters, and the Re- action of the 
Waters be conſidered, as we have done in reſpect of the Moon, we 
ſhall find (for the ſame Reaſons) that the Waters will riſe under the 
Sun and at the Antipodes; but as the Attraction of the Sun, on 
account of its immenſe Diſtance, is above five times leſs than that 
of the Moon , all their Effects, ceteris paribus, will be above 
five times leſs. Now, ſince both the Moon and Sun act upon the 


Waters, when their Actions co-incide (as they do at Full and No- 


Moon) the Water riſes one fifth higher, and falls one fifth lower; 
and when their Actions are contrary to each other (as they are at 
the Quadratures) the Tides riſe and fall one fifth leſs. Sir J/aac 
Newton has ſhewn * that the Moon is capable of raiſing the Wa- 
ter of the Ocean 10 Foot, and the Sun only 2 Foot; there- 
fore when both their Actions join, the Water will riſe 12 Foot; 

C „ and 


2 * 


** The viſible Surface of Bodies decreaſes apparent Diameters are 5 But the Sun 
as the Squares of their Diſtances increaſe, and having about times leſs Matter than a Moon 
the Power of the Attraction of Bodies (that of the ſame Bulk would have (that is, being 
zs their accelerating Force ) decreaſes in the ſame times lefs denſe than the Moon) has 


a 
Ratio; ® therefore if the Sun-and Moon were 5 times lefs abſolut: Force, and therefore muſt I. 1 Arn. 


of the ſame Denfity, their Attractions on the 


ave 5 times leſs Power to move the Sea, 
Earth and Seas would be equal when their | 2s 


* Princip. L. 
3. Prop. 38. 


I. 
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and where they act againſt each other, the Water will riſe uy 8 | 
Foot. But this wh be better underſtood by a Fi in 5 „ 5 


Plate 26. Fig. Reon WY 
ACL is the Earth, 2 OB Center is at Oar M or m the: "Pro ug 


whoſe Action reduces the Water to the oblong. Spheroid In a p, 


whoſe Axis produced goes thro' the Moon. 8 is the Sun, which, 
if there had been no Moon, would have raiſed the Water up to A, 
and on the oppoſite Side to L, ſo as to reduce i it into the 'Spheroid 
AP LN lets oblong than that of the Moon. Now when the Sun 
and Moon are in the ſame Line, (as when the Moon is full at M, 


or new atm) the Axis of the two Spheroids co-incide, ſo that the 


Water, which would have been raiſed by the Moon but to. and 
J. by the Sun's additional Force will be raiſed up to « and , 12 
Foot inſtead of 10 Foot, and conſequently depreſſed ſo much lower 
at p and n. But if the Moon being at Mor m, the Sun was at-s 


ors, (that i is, at the Quadratures, when the Moon appears halved) 


the Suti's Action would be capable of raiſing the Water up to T 
and N, if it ated alone; but as the Moon at the ſame time raiſes 


the Water at 2 and /, all the Effect of the Sun's Force will only be 


to hinder. the Water from rifing ſo high under the Moon and on 
the oppoſite Side of the Earth, as the Moon would occaſion it to do 
without that Check: ſo that the Water, inſtead of railing up to @ 
and J, only riſes up to A and L, 8 Foot inſtead of 10, and the 
Water is only depreſſed to P and N, inſtead of falling as low as p 
and z. Thus are the Neap-Tides produced by the . as ks 


5 Spring; Figes are by the, ant Actions of the Sun and pas- 


As the Sea · ſhores are very irregular, the Sea. 5 various "carr 


and Rivers run ſwifter or ſlower into the Sea with and againſt Tide, 


and as the Water runs differently into Bays, Gulphs, and Streights, 


we mult not expect the ſame Regularity of Tides as we have men- 


' tioned, any where but in the free Ocean; but if Circumſtances and 


Facts are rightly examined, we may. ſolve all the Phenomena re- 
lating *to the Tides from the Principles above explained. That 
learned and indefatigable Aſtronomer Dr. Halley, has given an 
Inſtance of it in the firſt Volume of the Miſcellanea Curiofe, and 
Philoſophical Tranſactions, No. 162. where he has enlarged upon 
Sir Iſaac Newton's Theory, and applied it to ſeveral Caſes, which 


without it would be altogether unaccountable n AY. a Solu- 


* 1 tion 
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tion of every difficult Phenomena, that the Theory will reach all Le&. V- 
Caſes: known and faithfully related. I refer thoſe who are curious > - 
to know more of this Matter to the 37th Propoſition. of the zd Book 
of Sir Jaac Newton's Principia, and Dr. Halley's Diſſertation above- 
mentioned. There they will ſee why the Water riſes to prodigious. 

Heights, as 40, 50, nay above 60 Foot in ſeveral Places, as at 
Cheptow above Briſtel, at St. Malo, at Auranches, in Nermandy, Cam- 
baja and Pegu in the Eaſt Indices. Why there are no ſenſible Tides in 
ſome Places, as the Mediterranean, the Caſpian Sea, the Black Sea, 
and the Lakes. Why the Tides are ſo extraordinary at Tonquin in 
China, where there is but one Flood and Ebb in 24 Hours, and twice 
in each Month no Tide at all. Why the Moon muſt be a little paſt 
the South to make high Water in ſome Places; and why the higheſt _ 
Spring Tides are not preciſely on the New and Full Mcons, nor. the 
Neaps on the Quarters, but generally the third Tides after them, on 
account of the Reſiſtance that the Water meets with, which hinders it 
from following the Moon ſo faſt as it would do if it covered the Sur- 
face of a ſmooth Earth. I ſhall explain but one Thing more before 
J leave this Subject, viz. the Phenomena of the Ægquinoctial Tides, 
which are higher near the Vernal and Autumnal Z£guimex than at any 
other Time; and leaſt of all at the Solftices, ING 


Plate 26. Fig. 8. „„ | % 


bo. LET 1 C 2D repreſent the Orbit of the Earth, and S the Sun pl. 26. F. 8. 
in the Middle; 1 and 2 the Earth at the Time of the- Summer and | 
Winter Solftice 5 3 and 4 the Earth at the Zquinox, Firſt; let us 
conſider what muſt happen to any particular Place, as Lucais above 
mentioned, when it is Summer Solſſice for that Country, as at 1. If 
the Moon be in the Line A 8, that is, whether it be New or Full, in 
the Syzygy, as Aſtronomers.call it, A L will be the long Axis of the 

watery Spheroid, and the Waters will be higheſt at L and A. Now 
Lucaio being at Noon at L will have high Water, and that in a Place 
where the Spheroid is higheſt; but at Midnight Zucaro will come to L, 
where indeed it will have high Water, but not near ſo high as if it had 
been at A, the Antipoges of L; the Parallel of Luca, that is the 3 
Plane of it (as Well as thoſe of all the other Parallels or Circles in 
which the ſeveral Countries in the World revolve about the Earth's 
Axis) making an Angle with the Axis af the watery- Spheroid, the 
Whirl of the Surface of the Earth is oblique to the Motion of the 

Voi. COL 1 Water 
* 


* 
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Leck. V. Water cauſed by the Sun and Moon's Action, and conſequently. the 

- —— Riſe of the Water is abated by the Shore's carrying it another Way. 
| At the Winter Solſfice when the Earth is at 2, Lucaio being at / at 
Noon has indeed high Water; but the Water is 1:ot, near ſo high as 
at b the Antæci of Lucaio but at Midnight Lucaio is carried to a, 


where it has a great Tide, the War being there in the N EE 
Place of 180 cone 


: . * - +. 
* w 


ERIE | COROLLARY, 
| - Henxcs follows, that at "tha Summer So/flice the Northern Countries 
| have the Flood in the Day-time higher than at Night; but the Reverſe 


3 at the Winter So/ftxce : and the ame ane to the ne 1 in 
* 5 the pe Wenns. F 0 $ 


* < 


| Wan the Earth i is at 3 or 4, 1 ths Agent are, the W. 
4 ter is higheſt at C and D, and the Sun being then in the Plane of the 
Bp Qguator E Q; fo that every Country, that has had high Water in 
_ the Day-time, as in the Hemiſphere E 4 Q C, will 12 as high 
Water in the Night 12 Hours and a half after; as in the Hemiſphere 
E 3 QD. The Centrifugal Force of every Place helping alſo to 
raiſe the Water, every Parallel of Latitude having its Plane parallel 
to the Axis of the Spheroid. But this will appear till plainer by 
Fl. 26.F, g; the gth Figure *, where Pp is the Axis of the Earth, E Q the 
gqualor, 25 N þ QP the watery Spheroid raiſed by the Sun S and 
New Moon M, L Lucaio having high Water at Noop ; it is evident 
| that when Lucaio comes to } at Midnight, it will have the Water 
M nearly as high as it had it at Noon. The ſame may be ſaid of any 
| bother Place, as the Antæci of Lucaio at N, which, when they come 
at Midnight to u, will have nearly as high Water as they had at Noon 


at N. So likewiſe will thoſe that inhabit at A find the Water in 12 7 
en as high at Wt” | | 


3 N. B. As the 1 is neareſt the Earth in the Winter, e have 
the bighe/ſt Tides in that Solflice which makes the Winter of aur 
: Northern, Regions; and hence alſo follows that the greateſt Spring- 
Tides are "not preciſely at the Time of the Equinoxes, but @ 
tittle 19 5 the Ferna, and 4 little bt the ne — | 


10K. 
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61. A ae is « heavy Body of any TRY which: ung TY 
tered to a Sting or Wire hangs down from a Point where it is ſuſpend- 
ed; as the Pendulum P* hangs: from the Center C by the String. pl. 26. F. 10. 
CP. Now if ſuch a Body be removed from its loweſt Point P to any 
other Point as p; as ſoon as it is looſed, it will not only come down 
again to P, from whence it came, but will go on till it riſes up to , 
to an Height equal to that from which it fell, except ſo much as it 
is hindered by the Reſiſtance of Air and Friction at C; otherwiſe it 
would move forwards and backwards for ever. T hat Deſcent and 


Riſe of che Pendulum, as for Ni * p to 47 is called an 0 
cillation e or Vibration. 3 1 8 | 


4 


The Uſes of 8 are many but they are moſt commonly 

applied for meaſuring Time. The whole Doctrine of Pendulums, 

that is, all that relates to their Phenomena, naturally follows from 
what we have 1 en the Fall of Bodies. | | 


AB (* Fig. it, 1.0 whoſe Height is A Dand Baſe C 7 3 2 ts falling pl i . 145 
along the . — Plane from A will he got no farther than D, whilſt 
another Body ſetting out from the ſame 1 * A is fallen down to C 
the whole Height of the Plane; and that the Point D is ſound by 
drawing a Perpendicular from C (the Bottom of the vertical Line 8 
which meaſures the Height of the Plane) to the Plane +. If there- + Nö. 16. F. 
fore there be ſeveral other inclined Planes from the Point A to the ho- 529 3303 314 
rizontal Line CB, as AE, A F, A G, Gc. the Perpendiculars C H, 
CI, C R, will ſhew the Points on thoſe Planes to which a Body fall- 
ing from A will come in the ſame Time; now ſince all the Angles in 
a Semi-Circle are right Angles, upon the Line A C with the Diſtance 
AP (the half of A ©) may be deſcribed round the Point P a Semi- - - 
Circle which will paſs through the Angular Points D, H, I, K, Cc. 
Let the whole Circle be completed. The intercepted Parts of the Lines 
(or Planes) AB, A E, AF, A G, namely A P, AH, AI, AK, 
are now Chotds of the Circle. Draw in the other Semi-Circle, the 
Lines. O C, NC, MC, L, reſpectively parallel to (therefore equal 
and equally inclined with) the Chords above-mentioned. Now, frog 
what has been ſaid, it is evident that a Body will fall through all thoſe 

. Wer 5” laſt 
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'Le&. V. laſt Chords in the ſame Time as well as through the others. Therefore 


ifa a Circle be ſet u 


Pens and there be ever ſo many Chords drawn to 


the lower Part of the Diameter, a Body will fall in the Diameter 


(the whole length of it) and in any of the Chords in the ſame Time, 
_ thoſe Chords that are moſt inclined being ſhorteſt, and ſo vice verſd, 


Now, ſince ſmall Arcs of Circles differ but little from their Chords, 


Bodies falling in ſmall Arcs of Circles, inſtead of falling in their Chords, 
vill deſcribe thoſe Arcs in times that are ſenſibly the fame *. For 
Example ; let a pendulous Body C by a String C hang at P the Cen- 
ter of the Circle ; 


then let it be raiſed from C to M, or any Point be- 
tween C and M, (or the ſame on the other Side of C) as ſoon as you 
let it go, it will fall to C in an Arc of the Circle inſtead of the Chord, 


and ſenſibly in the ſame Time, whether it fall from L, K, or I; be- 


cauſe the Chord L C or I C differs from its Arc L.C or IC very little 


more than the Chord C K differs from its Arc C K. But if the Pen- 
dulum was to fall in the Arc NMC or ML. C, it would be ſome- 


thing longer in getting to the Bottom C, than if it had only fallen from 


E, becauſe the Arc NM Cor ML * does exceed in Length the 


Chord N C or M C much more than the Arc C K does exceed its 
Chord C K. But if the Pendulum falling from M, be only hindered 
in its Motion by the Air, it will riſe nearly up to H, which is as high 
as M, and then there will ſcarce be wines Daene between” the Time 


of the Pendulum's Riſe and Fall. 


COR OLLAR 7 I 


Hexce follows, that if a Pendulum be made to ſwing in great 
Arcs of a Circle, and being left to itſelf does continually diminiſh. - 
its Vibrations by the Reſiſtance of the Air, the Times of the Vibra- 
tions will be a little longer at firſt than at laſt; but if the Body makes 
but ſmall Arcs at is all its Vibrations without 255 ſeokible Error 


Eb, Jon't mean that 2 Body will f. UI in the 
Ares in the ſame Time that it falls, in the 


Chords; but that in Ares not very unequal, a 
Body will fall ſenſibly in the ſame Time. 


For a Bedy will fall, faſter in an Arc than its 


Chord, becauſe it ſets out with a greater De- 


clivity; the Time of the Fall in the Arc being 


to the Time of the Fall in the Chord near] 
in the Proportzon of 785 to 1000. The Det- 


cent along the Chord being perform'd in the 
ſame Time as the Deſcent along the Diameter; 


zt muſt follow that the whole Vibration, or the. 
Fall and Riſe in two Chords, taking up twice 


das the 


may 


the Time, muſt be perform'd i in the ſame 
Time that a Kody would fall 


Diameters, or 

8 times the Length of the Pendulum: But 
Mathematicians. have demonſtrated, that the 
Time in. which a Pendulum vibrates in an 
Arc of a Circle, is. to the 'Time in which it 
would fall the 4 Diameters above-mention'd, 

Feriphery of a Circle to thoſe 4-Diame- 
ters; or the Time of the Fall in an Arc: is to 
the Time of the Fall in a Chord ; ; as a Quar- 
ter of a Circle: to its Diameter; chat is near- 
ly, 28785; to 1000. 


— 
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| ell 1 it come to n 


; may be reckoned hve (that is, ne in 1 the dane Time) Lect. v. 


COROLLARY u. 


. follows alſo, han ſaws bs this Metal or Kind of - ahi 
Body which is made a Pendulum, provided the String be of the fame 
3 all the Vibrations if ſmall, will be performed in the ſame 


Time (ſince all Bodies tend to fall with the ſame Velocity +) er.. No. 8. 


counting the Vibrations one may meaſure Time very exactly. For 
though ſuch Bodies, as are ſpecifically lighter than others, will ſooner 
come to reſt by the Reſiſtance of the Air, and ſo they will have fewer 


Vibrations, yet every one of thoſe Vibrations will be e in the, 
ſame Tres: 5 


N. B. T, bis, 355 what has been id pie, will be made 1 more opal 
6 y Hoyer renee. | 


 Exymnndent xvir. Plate 26, Fig. 12. 1 


A 


63 E 0 D is a triangular Board of Wood ſet upriphtt; with an 
Arc of a Circle drawn round the Center 5 from o to q, and another 
drawn round the Center @to q on the other Side, and the Diviſions on 
each fide are equal. From à and 6 let the two Balls or Pendulums 
hang ſo as juſt to touch one another when they are at loweſt, which 
they will do becauſe the Points a, 5; are juſt diſtant from one another 
the Diſtance of the Balls Centers. If the Ball A be raiſed to +, or 
9, and the Ball B to 1, 2, or 3; and youlet them go both at the ſame 
Time, they will meet exactly at o, though they have deſcribed unequal 
Arcs; and fo they will, let the Arcs be as different as they can be 
made by this Inſtrument, at leaſt as far as Sight can determine, when 


the biggeſt Arc is not of above. 20 Degrees, as it cannot be i in this In- 
ſtrument. 


ExyrananT XVIII. Plate 26. Fiz. 1. 


* Takk 3 Balls P, P, AF" IT, one of Lead; one of ws: and 
one of Cork, and, having faſtened each of them to Strings of equal 
Lengths, let them hang from the horizontal Wire W on the Top 
of 55 Stand S 5; then raifing them all up to equal Heights, they 

will, when you let them go at the ſame Time, perform their Vibra- 
53S. tions, 


= 


> Lett. V. tions: Fa —_ nk] Ti. 


cpm, 
Pl. 27. 


wr. 


Ve 3 7/5 tho! vs Ph Hans bee a to reſt 
than the Ivory, and the Ivory than the Lead; and while the Lead 
"1s ſtill vibrating in the Arc P p, the Ivory vibrates only i in the leſſer 


Arc P p, and the Cock in an Are ſtill leſs, viz, II , one may 


obſerve that they always come to the loweſt Part of the Vibration 
"5 * fame Time. SH <a tedy 1267 alt avwort; 1 


8 7 1 


ExeenIMent XIX. Pl. a. Fig Js na 
65. as the, Pin C for a S let the 1 pP 3 8 


; gh Ps firit lifted it from F to P, and it will deſcribe'the Arc P Fe 
... riſing. up to e ſenſibly as high as P in the horizontal, Line Pe. 
hben at the Point A, the middle of the ſaid hotizontal Line, 


ſtick in the Pin A, and the String of the Pendulum will be check d 


and ſtopped by that Pin; but the remaining Part of the String be- 


lor from A to F will be at liberty, ſo as to let the Pendulum riſe 


up to B, a Point in the horizontal Line above mentioned i in an Arc 
of a Circle whoſe Radius is AF. If the Pin be fixed at a, the 


Pendulum will rife in the Curve FD; and if two Pins be Gxad at 


b and c, the Pendulum will riſe in the Curve F E, made up of 


three different Arcs; of which the firſt has its Center at C, the next 
at h, and the laſt at c. This ſhews (as has been already explained) That 
whatever Curve or Curves a Pendulum riſes in after its Deſcent, it 


will ge up to the ſame Height from whence it fell, except what muſt 


be allawed for the Reſiſtance of the Air; the V elocity of the Pen- 


dulum at the Joweſt Point F being the fame. as it would have ac- 
quired i in falling directly from A: and, that that Velocity is capable of 
carrying the Body (in ſuch a Direction as Gravity cannot act againſt 
it) twice the Space A F, by an uniform Motion, in the ſame Time 


that it falls thro' the Space AF by an accelerated Motion, as has 


. been already proved 1. but it will be made vilible by the following 


1 Experiment. 


| EXPERIMENT XX. Plate 27. Fig. 2. 


66. To a string De 40 Foot long from the Center 2 hang 
the Pendulum P, which when at liberty will hang down to p and 
ſwing in the Arc pg, rom the loweſt Point pon the Arc 5 9, mea- 


ſure two Foot or the Arc Pm, Which will be a Line ſenſibly hori- 


zontal, the verſed Sine of ſuch an Are beipg but about half an Inch. 


| | At the Diſtance of Te a. Diameter of the Erne en beyond fix a 


"4 | : Vers 


7:18 Eupen. 


ral Obſtacle or wooden Plane Or; and another fuck on the LE 4 
Side of ↄ at the Diſtance of about one Foot and an half, but in a 
horizontal Poſition, ſo that the Surface of it may be even with the 
Bottom of the Pendulum, namely, in the Line p n=. Let the Pin N 
be fixed perpendicular to the String (that is, in an horizontal Poſi- 
tion) at the Height of one Foot above p. A Mark or ſtrong Point, 
as u, muſt alſo be made in the Wall or Plane behind the String of the 
Pendulum a little above P. Then having raiſed the Pendulum up 
to P in the Line H 5, that is, juſt one Foot high, let it go again, and 
obſerve the very Inſtant of Time that a Mark in the String of P comes 
to the Point n, that you may juſt then let fall the Body H from the 
horizontal Line Hh to the Obſtacle M; and you wilt find that the 
Ball H ſtrikes M at the very Inſtant that P ſtrikes the Obſtacle O = 
at , P moving horizontally the Space pr, which is two Foot, while 
H falls the Height HM, which is but one Foot. This may be done 
fo exactly, that the Sound of hy two Strokes will be but as one. 


67. Ir has been e that a . whoſe Length. j is 39. ED 
Inches and 2 Tenths (Engliſh Meaſure*) from the Center of the » Aus. © 
| Ball to the Point of Suſpenſion, will perform one Vibration in one 

Second of Time; that is, 3600 in an, Hour, It has been tried with 
a Pendulum of 50 15 Weight, made of a lenticular Figure, the 
better to cut the Air, and a 7 * Steel Wire was uſed inſtead of a 
String ; and with ſuch an Inſtrument the Vibrations have continued 
a whole Day. Hence it is that Pendulums will ſerve to meaſure 
Time equally. and exactly, Regard being had to the Length of the 
Pendulum, by. the Weight of any Fial, or bigneſs... BEATS 


68. Taz ſhorter Pendulums are, fs ſhorter wilt be the Tie 7 
their Vibrations; tho' the Times of Vibration will not be as the 
Lengths of the Pendulums, but as the ſquare Roots of their Lengths; | 
as for example, a Pendulum of 13 Foot and near an Inch long (that 
is, 156,8 Inches) which is 4 times as long as a Pendulum that ſwings 
Seconds, will perform its Vibrations in 2 Seconds; and if we would 
have a Pendulums to go twice as faſt as the Second -· Pendulum, that 
is, to ſwing twice in a Second, we muſt make it 4. times ſhorter; 
that is, 9 Inches and 8 Tenths. The reaſon of it is . rom 
the following. 

DEeMoNnsTRATION. PI. 27. 2 N . pl. 25. F. z. 


AEB G, and DFB are two Circles whoſe Diametets K 2 and 
Dh are to one another as 4 to 1. Now 1 it has been demotiftrated*; . 
| | that 


* * 
i WM: 8 

LeR; V. 
7 . * 4 4 


*L..5. een 


N. F. 4. 


P. 25. F. 5. 


; 100 if a \ Body fall - 3 «certain TD As 1 B. i in any determi- 
— nate Time; ; it will fall thro only + of that Space, as D B, in half 


chat Time. But ii has alſo been proved, that Bodies will fall in the 
Chord, or a Circle, i in the ſame Time that they fall in the Diameter *; 


therefore à Body at E will fall thro' the Chord E B in twice the 
Time that a Body at F will fall thro the Chord FB. Now as the 
Chord E B differs from the Arc E B (or is horter) in the fame 


Proportion as the Chord F B differs from its Arc F B (both being 


ſuppoſed Ares of the ſame Number of Degrees) the Difference 
will be proportionable in the Deſcent of the two Pendulums CE 
and F; conſequently E will be twice as long coming down to B, 
as F coming down to B: but the whole Vibration which carries up 


E to G, and F to g will, in both be double the Time of their re- 
ſpective Falls. Therefore a Pendulum, to vibrate twice as faſt as 
e aun be 4 times ſhorter. 2 E. D. | 


| «, 


"Exyzzi1manc XXL Pl. 27. Big. * 


con the horizontal Wire W of the Stand repreſented i in the 13th 
Figure of Plate 26, whole Top is here expreſſed in Fig. 4, hang 


a Pendulum CP whoſe Length is 39,2 Inches, and upon the ſame 
Wire a little forward hang the Pendulum © þ of a quarter of that 


Length, Let both Pendulums fall at the ſame Time from any 


Height to which they have been raiſed, as P and p, and you will 
find that p will be got to f (having performed its whole Vibration) 
when P is only come to B; when P is come to F, then p is come 


back from F top; when P is come back to B, p is got to V and 


at laſt when P is come back to P, p will alſo be come to p from 
whence. it firſt ſet. out: ſo that the two Pendulums will begin to fall 
together every other Stroke, the ſhort one vibrating in half Seconds, 
whilſt the long one vibrates in whole Seconds. 


EXPERIMENT XXII. Plate 27. Fig. . 


performed in the ſame Time. This ſhews that any ſtraight, even 


Rod, ſquare or round, of any Metal whatſoever, will . its 
3 ibra- 


Taxs an Iron Bar, either ſquare or round, „ it be of the 
ſame Thickneſs in all Parts, whoſe Length muſt be 58,8 Inches, 
meaſuring from a little Hole to receive the Wire of the Stand to its 
End; and having thruſt the Wire thro' its hole at A, and ſuſ- 
pended a Second Pendulum at C, let both go down from P and B 
at the ſame Time, and their Vibrations will be zjſecbronal, that is, 
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wal Philoſap 


vibrations il in the | Lis Time that «Pcpdatom of I of the Leng th of it it Led V. 
vibrates; as if the Whole Matter of the Bar had been colletied . —— 


Point p, which is therefore called the Center of Oſcillatio. 

1 B. If any Penſon bolding g Bar, 4s A B, at its End A, eu 
flrike a Blow with it, ibe greateſt Srrote poſſible with ibe 
ane Strength would be made when the Point p ſtrikes againſt the 
Ob ſtacle; for this Reaſon, that Point which : here the Center 
of Oſcillation, wy 4% be called the Center of Percuſſion (4. 


5060 A Pendulum is very ſucceſsfully, applied to Clock-Work for 
meaſuring. equal Time, as may be ſeen, by looking into an N 
But to ſhew in what manner it regulates the Motion, one xample 
will be ſufficient, which I give here in deſcribing a little Clock or 
Chronometer, which Mr. George Graham contrived and made for me 
ſome Years ago, ſo exact as to meaſure a small Fart of Time V nice- 
ly even to the 16th Part of a Second. 

To one nd of an horizontal, Axis is hed” a contrate Wheel of 120 
Teeth, an At the other End there is A little Barrel, which on its out- 
ſide receives the Striog of a little Weight to turn the Wheel round; 
the Wheel with its Teeth moves an horizontal Pinion of 15 Leaves 

(or Tee Wi to the Bottom of a vertical Axis on whoſe Top i 1s the 
Balance Wheel which is a contrate Wheel of 15 Teeth cut af 
that is, one Side of every Tooth is perpendicular to the Plane o che 
Wheel, and the other gut obliquely with a Curve. Juſt over this laſt 
Wheel there is a little Axis or Rod of Steel placed horizontally, 
which has two 1050 Pallets at ri cht Angles to each other, ſo pla 0 
as to be alternate! 4 by the upr! ht Part of the Skew-Tee 
on. the oppoſite Sides of the Balance. \ hee J, in, ſuch, Manner. that 
not One of the Te 2 8 "up that Wheel can 1 it 'withouta Stroke be 
made Les 0 FAIR to, Ive A Quarter 05 10 to 91 15 185 


* C 7 7 


cat gm. vib rating - fe fy 


Therefore: * a8 be / W We bt carr t Tee; heel-work | upd, the, . 
* e ro 8 0 the Pale red 1590 the hori- 


zontal * about which 8 5 little Pendulum moves; and as that 
Vo. I. . 5 Dgd. „„ Pendulum 


79 : 18 21 
7731 


4285 l e ew chew 


the fame but 


e Piſcuſſon of at itte 18 903 Oi Den hn ee e Ic 


— Eee SOT Is 


RR CT ee i 
— 
. 


— chap. 


1 ; 


Ie by 1 * vey X ' 5 x. | "73 15.1. s | & bh | 

386 4A Conrſe of Experimental Philoſophy... 
Lect. V. Pendulum, on account of its Length vibrates 4 times in a Second ®, 
. and there muſt be 2 Strokes againſt the Pallets for every Tooth that 


paſſes by in the Balance Wheel, ſo there muſt be two Swings of the 
Pendulum, or half a Second in Time, for every Tooth of the great 
Wheel that is brought forward by the Pinion, (whoſe Number of 
Teeth is equal to that of the Balance Wheel z) and as the great 
Wheel has 120 Teeth, there wil! be performed 240 Vibrations of 
the Pendulum whilſt the great Wheel goes round ; therefore an Hand 
or Index fixed to the great Wheel will go round in One Minute, point- 
ing to 60 large Diviſions for Seconds on the Dial-Plate, which 


Diviſions are again ſubdivided into 4, to ſhew the ' Quarters of the 


Seconds. But then beſides this, there is a Quadrant of 4 Circle of a 
Radius equal to the Length of the Pendulum, which is divided into 4 
Parts by 5 little Braſs Pins, fixed to an horizontal Axis; which Qua- 
drant ſerves not only as a Detentto ſet the Machine a going in a 16th 
Part of a Second, but alſo to ſtop it in the fame Time, the Pins ſtop- 
ping the Pendulum in any fourth Part of its Vibrations ; for in fixi 
the Pins, Regard was had to the Time of every fourth Part of the Vi- 
bration, the 2 Spaces between the Pins next to the loweſt Part of the 
Quarter of the Circle which the Pendulum vibrates in 4 of a Second, 
being ſo much greater as the Pendulum moves ſwifter in that Part of 
its Vibration. )( 0 * oO) WCTnet My Tee x, ROM NA 


Tais Chronometer is of great Uſe for meaſuring ſmall. Parts of 
Time in Aſtronomical Obſervations, the Time of the Fall of Bodies, 
the Velocity of running Waters, and fit for many other Purpoſes 
where a ſmall Space of Time is to be meaſured nicely, as from 3 or 4. 


Seconds to a Minute or two: but it is not adapted to meaſuring long 


Spaces of Time very exactly; becauſe, though it ſeems to vibrate ex- 
actly a 5 of a Circle every Vibration, yet it does not really do fo, 
and the Difference of the Lengths of the Vibrations in ſuch large Arcs 
makes a Difference in Time ; and however ſmall that Difference is, 
yet a greater many of them create a ſenſible Error. In this Machine, 
there is ſometimes an Error of + of a Second in 14 Seconds. This is a 


Fault which all Clocks are liable to, that have ſhort Pendulums which 
Kw %%% ee 8 


o. Bur there is a Curve, which is neither a Circle nor an Ellipſe, 
in which all the Vibrations of the ſame Pendulum, whether long 
or ſhort, are performed in the ſame Time, and when Clock-Work 

| | is 


: | 


7 


A Courſe of Experimental Philoſophy. 387 
Is regulated by a Pendulum moving ia that Curve, a long e of Lect. V. 


Time may be exactly meaſured. . | This Curve. is a e i 7 E which. — 
here follows the W de dc | bs 


i 1 % * N. 


71. Ir a Cirele in a ver 2 Pe tion a FE 5 horizontal Line 
AB# (as the Wheel of a rriage does upon the Road) tilliit has made * Pl 27. F. 6. 
one Revolution, that Point of the Circle, as A, which touched the 
Plane, will riſe up from the }:iog and be at a. when the Circle has roll- 
ed half way, having deſcribed the Curve A a, from whence (as the 
Circle goes on) it goes downwards in the ſame kind of Curve, till it 
comes to touch the Line A H at B; the Point C, which was uppermoſt 
at the Beginniog of the Motion, having been down at c when A was 
at a, and now being returned to + when the Circle is in the ſame Po- 
ſition as before its Revolution began. The whole Curve A à B fo de- 
ſcribed. is called a Cycloid, and the Circle A 8 the e Ae. and 
the line A B the Baſe of the Eyclord. . VVV 


Ir is ; evident from , the Formation! of tas; . that the Baſe of 
the Ocloid is equal to the Circumference of the generating Circle. 
Several other Properties of the Cycloid have been demonſtrated by 
Mathematicians +, whoſe, Demonſtrations it would be tedious. 5 + Dr. Wallis, 
repeat here; therefore we ſhall take them for granted, and men- Craig. Dit- 


| B 
tion them as we have Occaſion Tor them in our Concluſions about novilli, Et. 
PPS lr 0 TT 


öl eee, 0 0 n Y ; 
I 
72. Lr! us now invert the Gelid. fo a8 to 4 0 A B the Baſe 
at Top and the Cycloid underneath *. It has been demonſtrated, * Pl. -7. F. . 
that if from any Point in the Qcloid, as E or p, there be drawn a 
Line parallel to the Baſe, and from the Point where that Line cuts 
the generating Circle when it has performed half its Revolution (that 
is, when it is at G) there be drawn a Chord ſuch as e D, or 9D, 
the intercepted Arc of the Cycibid, as E D or p D, will be double 
the Chord e D org D; and fo one half of the Cychid, as A D, will 
be double the Diameter G D of the generating Circle. Now ſince it 
has been ſhewn that a Body will fall in the ſame Time in the Diame- 
ter G D, and in the Chords 9 D, e D, a Body muſt fall in the Arcs 
A D, p D and E D in equal Times; becauſe each of them is the 
double of the aboveſaid Lines G D, 9 D and e D; but more eſpecial- 
ly becauſe the Tangents are every where parallel to the correſpondent 
Chords. So that when a Pendulum ſwings in a Cycloid; all the Vi- 
rations, however unequal, are iſochronal. : 
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have been contfived cycloidal Cheeks on each Side of the Center 
of Suſpenſion, that the String applying itſelf to them ſhall ſhor- 
ten the Diſtance of the Pendulum from the Point of Suſpenſion, fo 


— 


& 7 g 


as to make it deſcribe a Cyctoidat Arc inſtead of a Circular, one. 


' The cyCloidat'Checks are thus made: Let e Sela A D be 


bs ” 


transferted to O B. ſo that the Point D man be on B, and the half 
cyebid B D be transferted to C A, ſo that the Point D may be on 


A. Now if there be e of Cheeks of Woad or Metal cut 


cotivex {> as exactly to fit thoſe Semi-cycloids, and 4 Pendulum a8 P 
of the Length C B, double the Diameter G D, has its Point of Suf- 
petifion'jalt betweey'the faid Checks at their Point of Contact C, ſuch 
a Pendulum will ho longer vibrate in the Arc H DT {whole Center is 
C and Radius the Length of the Pendulum) but in the Cyclbid 
A'p D'F B, by the ſhoftening of the String as it applies itſelf to the 


cycloidal Cheeks as at C S p. 


e well c ted; e 1878 oct, neee 
Turk is another Way to make a Pendulum vibrate in Arcs ſo 


8 


neatly cycloidal, as to have no Error in their Meaſure of Time; and 


that is, by having the Pendulum very long, and making it only 


vibrate very ſmall Arcs. For Example, let C D be a Second Pendu- 


lum, that is, 39,2 Inches long, and let it only vibrate from P to + 


about 4 or 5 Degrees. It is plain that the Circle and Cycloid co-in- 
fide at D and ſome Degrees on either Side; therefore the Pendulum 
that ſwings in the circular Arc H D I, deſcribing only that Part of it 
P 5, may be conſidered as ſwinging in a cycloidal Arc; and if it ſhould 
ſometimes! go from D only to d, it would defcribe that little Arc in 


the ſame time as the greater Are D's. N. B. It is better to uſe the 


long Pendulum than the eyeloidal Cheeks; becauſe if the String or 
Wire, by which the Pendulum bangs, ſtrikes only on the cycloidal 


Cheeks, the Reaction of thoſe Cheeks, which are in ſome meaſure 


elaſtick, will add to the Force of Gravity, by which alone the Pendu- 


lum muſt ſwing, to have its Vibration iſochronal in a Cycloid ; fo 


that when any ſuch Shock happens, the Vibration will be too quick. 


But the long Pendulum without a very great Shock (ſuch as would 
ſend it up to p) will not ſo ſenſibly vibrate out of the Cyclord as to 
cauſe any Error in the Meaſure of Time. So that it is now uſed very 


ſucceſsfully in Clocks for keeping Time at Land; the Shocks at 


Sea being too great to have a long Pendulum Clock go ſo well in a 


Ship. 


Ts. 73. B8- 
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A. Contiſe of Experimental Philoſophy. 


129 3-:BeFoRE! we quit this Subject, it may not be improper, to Lect. V. 
mention a remarkable Property of the Cycloid, which is this, 512. 


chat it is che Line iof the ſwiftefl Deſcent; that is, if a Body is to 


moe from A to D*, there is no Line of 1 eng which can be I. 27. F. . 


drawn from the upper to the lower of thoſe Points, along which a 
Body will deſcend ſo faſt as in the Semi- cycloid A D; neither an 
Arc of a Circle, nor even the ſtreight Line A D, though it be fo much 
ſhorter: for the Body at firſt ſetting. out from A deſcends in fo ſteep a 


% 


Direction (that is, ſo much ated upon by Gravity), that it acquires | 


a; great, Velocity, ſo; as to carry it the more ſwifter in the lower Part 
of the Curve! which is. leſs ſteep; and a circular, Arc which would 


be mote ſteep, at Bottom, is leſs ſo at Top. If an inclined Line as 
A F, be drawn from A beyond the loweſt Point of the Cycls/4, and 


a Body goes down that Line, whilſt another runs from the ſame Point 

along the Cycloid, the greater Celerity of the Body in the Cychid will 

ſtill appear more evidently. This Property, and that of having the 

Deſcent of a Body from any Part of the (inverted) Cyclo: to the Bot- 
tom, exactly in the ſame Time, will be illuſtrated by the following 

1 ( „ 

EXPERIMENT XXI. Plate 27. Fig. 8. 


* 


8 74. The Machine B H M D D, repreſented by the Figure, is 


made of Wood about 19 Inches high, two Foot long, and two Inches 
thick. From I to F it is cut into a Channel as wide at Bottom as 
at Top, in the Form of a Semi-cycloid inverted, the loweſt Point be- 
Length of a Foot from F to, G, the Walls of the Channel being H HH 
and I I; and this Channel is very ſmooth and divided into two Chan- 
nels by a thin upright Braſs Partition L L, from the Top between H 
and I to the farther End at G. Upon the Partition are marked Di- 
viſions, which from F to G are equal, but unequal from F to I, in 
fuch Manner as to denote equal Heights; H the Beginning of the 
Channel is g Inches above the Level of F, O O are two wooden Stops 
for the Channel, and to be fixed in any Place by means of a Skrew at 
the End of Each of them. The whole Inſtrument may be ſet up- 
right and horizontal by means of three Skrews ſuch as C, C, and the 
Plummet NM. e | 5 . 


Two Braſs Balls, of half Inch Diameter each, are to move in the 
two Channels. Tots 15 


: | „ Fix 


ing at F, from whence the Channel is continued horizontally for the 
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Fix the two Stops exactly at F, and the Braſs Balls, eld you 


1 et them go from different Parts & their reſpective cycloidal Channels, 


i | 
PR 
i * * 3 


4 . F. 9. 


| in its Own 


 appli:d to a Clock; there is yet another Error which it is ſubject 


will ſtrike them at the ſame Time; which will alſo be very ſenſible to 
any one who holds a Finger in each Channel at Ban an een 
ſon lets the Bats run down from unequal eg 7 e WE 


0 4 
* 


In 5 7 


| Now let the Stops be ſhifted, and one of thern de feel, 4 Inches 
beyond F towards G, and the other 6 Inches beyond F; and let the 
195 Balls fall at once, the one from the Height of 4 Inches, and the 
other from the Height of 9. That which falls from 4 Inches in 
Height, will 180 4 Inches beyond F; and that which falls from g In- 
ches in Height will go to 6 Inches beyond F, each ſtriking the Obſtacle 
Channel exactly in the ſame Time as the other. Four and 
Nine are the Spaces fallen through, whoſe Roots 2 and 3 expreſs the 
reſpeQive Velocities of the Balls, which are ſhewn by one of them run- 
ning 4 Inches in the horizontal Part of i its Channel, Hr: TIRED runs "Y 
Inches in the other horizontal Cpanel, * | | 


EXPERIMENT XXII. Plate 27. Fig. 9. 


A E C 3; is another Machine with a Cycloidal Channel, wherein 
the whole Cycloid i is hollowed in from B to 6, its loweſt. Part bein 
C. There is a ſtreight Channel A 4 moveable round the Point 7 pp | 
a Center to apply on the Back-ſide of the Cycloid as the Machine 
ſtands upright, ſo that its Channel may be in the Plane of any Chord 
drawn from the Point A to any Part of the Cycloid. Let this Trough 
or Channel be firſt ſet in the Line A C; then let one of the Balls fall 
from B in the cyloidal Channel, whilſt the other begins at the ſame 
Time to fall from the ſame Level in the ſtreight Channel, and you 


will obſerve, that the Ball running down in the Cycloid will be a 


way beyond C, when the Ball running in the ſtreight Channel is juſt 
got to it; as may ſtill be made more ſenſible by fixing one of the Stops 
above-mentioned (in the Explanation of the laſt Figure) over- againſt 
O in the ſtreight Channel, and the other between C and þ in the 
Cycloidal Channel, If the ſtreight Channel be fixed beyond the 


Point Cas at Aa, the Ball in the Cycloid will come from B to 5, and 


be down again at C, when the other is come from A in a a ftreight Line 
to G. 


5. Wann a Pendulum o a proper Es to ſwing S is 


to, 


— 
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to, „ arifing from the Nature of the Materials. For all Metals are fab- Les. V. 
ject to be dilated by the Heat and contracted by Cold; ſo that if the 
Rod of the Pendulum (that is, the Wire whereby it bangs inſtead of 

a String) be adjuſted to its right Length in the Winter-Time, it will 
become too long in Summer by — Heat, and therefore vibrate too 
flow ; as on the contrary, if it had been adjuſted in Summer, it would 
be ſhortened in Winter by the Cold, and by its quicker Vibrations 
make the Clock go too faſt. The Difference of Length in a long Pen- 
dulum Rod will ſometimes amount to about the 40th Part of an Inch, 
which in many Vibrations will make a very conſiderable Alteration in 
Time: But there is a Contrivance of a Skrew to raiſe or fink the Weight 
of a Pendulum; fo that one may keep | it W to its dus e re- 
gulating 1 it with a Thermometer: 


be V. ay to ub the leaf Alteration of Dimenfins i in Metal ſo.as. 
to make of fete, 1 Sol New i in an ny i ws 


* nene all this, Pendathing are liable to alter the Times: of 
their Vibrations on account of the Figure of the Earth, which is an 
oblate or flatted Spheroid like a Bowl, the Earth (as we have already. 
mentioned) being about 31 Miles higher at the Æquator than the 
Poles. For when we travel Southward, we ſhall find our long Pen- 
qulum Clocks (beſides what we allowed for the Heat) to go too ſlow, 

as Dr. Halley and ſeveral other Aſtronomers have obſerved, who were 
obliged to ſhorten the Pendulums of their Clocks before they could: 
make them keep true Time. Mr. Richer, in order to examine this. 
Phenomenon fully, made Obſervations on the Vibrations of a ſimple 
Pendulum (that is, a Pendulum not applied to a Clock) for ten Months. 
together, and found that a Pendulum to vibrate Seconds under the 
Aquator muſt be about one roth of an Inch ſhorter than in our 
northern Latitude; without. which the Clock, which it regulates, 
will go too flow between two and three Minutes i in a Day. 


From. theſe Obſervations on . Sir Jaac Newion ſhe ws 
what the true Figure of the Earth is; though contrary to the 
Opinion of ſome Gentlemen of the Royal Academy of Sciences at 
Paris, who aſſert that the Earth is an oblong Spheroid (like an Egg) 
higher at the Poles than the Æquator about + of the whole Diame- 


ter. I ſhall, in the Notes, Heu how theſe latter came to be miſ- 


taken *. | Ann. 12. 
77. WHEN 


k 


| *. | | 

302 J Courſe of Experimental Philoſophy. 
Lect. V. 577. Wren we conſider what Velocity the diurnal Rotation of 
- che Earth muſt give to Bodies on its Surface, eſpecially under the 
Fquator or near it, (where Bodies are carried round at the Rate of 
BM about 1040 Miles in an Hour) we may eaſily ſee the Neceffity of 
. its being higher under the Æquator; becauſe unleſs there was a Def- 
cent towards the Poles, the Centrifugal Force would drive all the 
Waters towards the Æquatorial Regions, which would: thereby be 
drowned, whilſt not only the Polar Regions, but even the Temperate 
8 would be left dry. And if the Earth was ever ima fluid State, or its 
l Subſtance was ſoft and yielding, the Author of Nature giving it the 
diornal Rotation that it has, it muſt from a ſpherical put on a ſphe- 
roidical Figure, ſwelling under the Æquator till it came to have the 


i Figure that it now has. A ſwifter Revolution round the Axis would 
RW ſtill make the Difference greater between the Equatorial and Polar 
| Diameters. And this is obſerved in Jupiter, which, by ſome nice 
RE  » Obſervations of that late ingenious Aſtronomer the R. Mr. Pound, ap- 
ll pears to have its Aquatorial Diameter , longer than its Polar Diame- 

'v ter, agreeable to its fwifter diurnal Revolution, which is performed in 

1 JC r oem Br Y nag; 

= Soo 2-6 + ExPERIMENT XXIII. w_ 

| Prox an Axis of Iron, that could be made to turn ſwifily (by 
maſeeans of the Wheel of the whirling. Tables, whole String went round 

4 2 Pully fixed to the ſaid Axis) I flipped on two Iron Hoops, whoſe 
| Planes interſected at right Angles, reprefenting two Colures, which, 
j | being of a Spring Temper, ſtood at firſt in ſuch manner as to be #; 
1 | part longer in that Diameter that co-incides with the Axis, than in their 
1 | Equatorial Diameter; this Proportion being the ſame that Mr. Caſſini | 
k ſuppoſes to be between, the Axis and Æquatorial Diameter of the 


5 Earth. Two circular Plates, to which the ſaid Hoops were riveted, 
5 | had ſquare Holes, through which the Axis paſſed, ſo that the two Poles 
4 of the oblong Spheroid, which the Hoops deſcribed in their Revolu- 
tions, might approach together in ſuch manner, as to let them put on 
the Form of a true Sphere, when by the whirling, the Aquatorial 
Diameter of the Machine ſwelled and over-powered the Elaſticity of 
the Hoops. A -greater Degree of Swiftneſs turned the Sphere into an 
oblong Spheroid of Sir Iſaac Newton's Figure: A Velocity ſtill greater 
makes the Diſproportion of the Diameters, ſuch as that of Jupiter; 
and ſtill the Æquatorial Diameter increaſes with the centrifugal Force. 


l Tru Fa 8 ANOTHER 


Wa Hoop with à Catch, ce che ee, Foy 5 
F a (in the Experiment) the Increaſe of the Æquatorial Cireum· 


ference; and an Index een to the Fr: rame ſhews an: ann 1 0 
"nn Diameter, $410 96" l 
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on 


als por as he ih e of he Machine ceaſes.: hs Colares; | 
Mezidiens or Hoops, return to their elliptical ane whoſe vertical 
Sn Diameter | is the Axis of eee 


1 HOSE. het —__ Rena more e concerning Pandulbuis; may con- 
Cult Huygens's Poſthumous Works, and Dr. Jabn Keil's Introductia 
ad veram Phyficam, at che latter End; where there are ſeveral Pro- 
poſitions concerning the circular Pendulum, which I have not room 
to ſay any more of in this Place, having already made this Lecture 
too long z but yet I cannot put an end to it, before I have acquitted 


myſelf of my Promiſe, to give an account _ the eng or een 
ſo far as it is a nnen an, W 7% eds 1 


78. T HIS ans; is ſo . 1 and the Practice of 
it ſo generally underſtood, and withal ſo natural and eaſy, that all 
Mankind, in all Ages of the World, and in every Quarter of the 
yet habitable Earth, even among che moſt rude, ignorant, and 
barbarous, as well as among the moſt civil, polite, and learned, 
have been found expert and ſkilful in the Uſe thereof; and even 
in all that vaſt Tract of Land, extending ſo far towards the 
North, and towards the South Pole, wherein ſcatce any of 
thoſe mechanical Engines which depend upon the Balance, or 
Beam, was known, namely the Leaver, the Capſtane, the Pul- 
ley, the Skrew or the Wedge, nay, where the Uſe of the Roller 
and Wheel was altogether unthought of; yet even through all 
this vaſt Tract of Land, and in all the adjacent Iſlands, the Peo- 
ple were found very dexterous and ſkilful in the Uſe of the Bow, 
and knew how to convey the Arrow by means thereof ſo as to 
hit and pierce the deſigned Mark; ſo that it ſeems to be an En- 
gine moſt obvious and eaſy to be contrived by Mankind: And, yet 
after all, I do not find that any one of the Ancients or Moderns 
has reduced the Nature, Properties, and Power of Springs to a cer- 
| tain Theory, and Calculation; tho' divers have written much con- 
cerning it, and have made many Attempts and Experiments about 
it; till Dr. Hook of late reduced it to a e by ſhewing, 

Vor! tis Ee e ; T hat 


| Motion. | 


er of Springs, may not poſſibly appear 
of a Weight lifted up and then let fall; yet it is much of the fame 


er; and ſo in its Deſcent enables] it to exert as much Force br Power | 


anita? Phillply.. 


1d. v. 1 Power s Spring;/ uf what kind erer, des increaſe 
| nyo in the Jaime Proportion: with its Tenfiun, whether it be by Com- 


preſſion or Condenſation, Diſtenſion or Rarefaction; ſo that if the 
Strength of one Pound moves it one Degree out of its natural 
State, then two Pounds will move it two Degrees, and three 
Pounds move it three Degtees, and ſo on. Now this mechanical 


Organ, contrary to all others 1 have already ſpecified, receives all 
the Power or Motion which is impreſſed on it, and retains it till 


it be left at liberty, or no longer any farther extended, or forced 
with greater Power; but then, inſtead of proceeding and going 


forwards in that way in which it had been moved, it recoils, and 
goes quite back again in a contrary Direction; and by Re- Aclion 


exerts all the Power and Motion it has received upon the Bodies 
it meets with in its way as it goes back, and carties them with 


gteat Swiftneſs; as having received all the Power that had by 


Tenſion been impreſſed on the Bow by the Strength that bent it. 
By this means all the Strength of the Arm exerted to bend the 
Bow one way, is by the Bow ſuddenly communicated the contra- 


ry way to the Arrow, which makes it move with that Swiftneſs 
and Speed after it is diſcharged, continuing the Motion by the firſt 


Law. Now, here pofſibly may be inquired, how it comes to paſs, 


that the Bow, which in its bending, or drawing, is only moyed 
by a low and heavy Motion (nay, it may be, is kept ſome Time 


itill, and without any Motion at a al) ſhoald yet retain fo great a 


Quantity of ſo ſwift a Motion or a Power of producing it, in an- 
other. Body, tho as to Senſe it ſeems to have no Motion at all of 


ns own; whereas all the other Organs, which produce or effect 
ſuch a powerful or rapid Motion, have that Motion ſenſibly. 

in them, when they produce their Effect, proceeding directly how 
ward in the ſtreight Lice in which they moved before the Stroke; 
to there is nothing but the eee of the whole acquired 


_— , 


To which 1 — SI that tho 0 enn Reaſon of the Pow- 
o evident to Senſe as that 


Nature, as it may be made plainly evident : for as in the lifting up 
of a Weight to a certain Height, and thence letting it fall, the 
Power of Gravity makes that Weight deſcend back again to the 
Place whence it was lifted, with greater Force as it is lifted high- 


= as 
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and withio itfelf, but with this Difference, that it acts any way 


as it is directed (whereas Gravity only acts downwards) fo as in its 
Return to exert all that Force and Power, which was ſpent ii 
ſcent, whatever the Velocity of Motion was that raiſed the Weight, 


carries it back to the Place whence it was raiſed, by one uniform Pro- 


greſs of Acceleration, which is peculiar to the Power of Gravity, 
Spring, with whatever 
Velocity it has been bent, unbends itſelf by ſuch Degrees of *Pow- * 
ths Nature of 
Springs, which, as I mentioned before, are ſo much the more pow-' 
erful, by how much the more they are bent: ſo that to make the 
Compariſon exactly to anſwer, we muſt not conceive a ſingle 
Weight to be lifted up, as in the Example of Gravity, becauſe 
the Power of Reſiſtance of Gravity, in ſuch a Weight, is the ſame 
at the laſt as at the firſt, as to Senſe; for the ſame Power that lift- 
ed ſuch a Weight one Foot high, at beginning, will lift it one Foot 


as we have ſhewn; fo: the Recoil of the 


er and Velocity, as ate proper and peculiar to 


higher after it has lifted it to that Height, or a third Foot after a 
ſecond: for Inſtance, if the Force of a Pound Weight will lift it 


one Foot high, that Force of one Pound continued, will lift it an- 


other Foat high, and (continued) a third Foot high. But in a Spring 
it is otherwiſe; for if the Force of one Pound be required to bend 
the Spring one Inch, then there muſt be the Force of two Pounds 
to bend it two Inches, and three Pounds to bend it three Inches. 
So that the Power of a Spring may be more properly repreſented 
by the lifting up of a Chain, or a String of Beads, or Weights 
that lie on the Ground; for in lifting up the firſt Link, or Bead, 
there is required one Pound, for inſtance, but lifting it higher 


there riſe two Links or Beads, and ſo the Force of two Pounds 


is required; and if higher, three Links or Beads riſe, and ſo on. 
Or more exactly yet, tis repreſented by lifting a Cylinder of 
Timber end wiſe out of the Water, which is of near the ſame ſpe- 
cifick Gravity with the Water, or forcing Water to riſe in a 
Pipe by = forcing Plug; for in theſe Caſes, as the Cylinder is raiſed 
higher above the Surface of the Water, out of which it is raiſed, 
ſo does the Gravity of it increaſe, and the Power that lifis it 
muſt increaſe in the ſame Proportion, which is exactly the ſame as 


that of the Spring; and ſo either of theſe. Examples becomes a 


moſt proper Inſtance to illuſtrate the Power of the Spring, and the 


E ee 2 Manner 


— 508: 


dg was ſpent n the- lifting it up to ſo great a Height : 80 a Spring, 5 % „ 
which has a Power like Gravity, or an Activity ——— it, Ma Fa 
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Manner of its acting: and tho the Cauſe of the Neceſſity of the- 


yy Increaſe of the Power to move the one, be more ſenſible and intel- 
| ligible than the like Neceſſity of Increaſe to bend the other; yet 


if we further proceed to ſhew the true Reaſon and phyſical Ex- 
plication of the Power of Gravity, we ſhall find it to be as diffi- 
cult, and as far removed from our Senſe, as the phyſical Cauſe and 
Reaſon of the Power and Increaſe thereof in the Spring; it is 


enough therefore for Geometry to know, that the Phenomena are 


ſo, and thence to examine and demonſtrate the Conſequences that 
will follow. Now the Power of Gravity in accelerating the 


Velocity or Motion of falling Bodies, as it was firſt found out, 


and diſcover ed 5 by Galilæo, ſo Was the perfecting of the Theory 


thereof, as to the Motion of Deſcent of heavy Bodies in inclined 
Planes, and the Curvature of à Parabola, very far promoted by 


him, and many curious Theories concerning it deduced, as we have 


ſhewn in this Lecture; and the ſame Theory has been farther im- 


proved, and carried on by Torricellius, and others alſo: fince him. 
But all theſe proceed upon a Suppoſition, that the Power of Gra- 
vity in all the Points, or the Petpendiculars of Deſcent, are mathe- 
matically equal and uniform; and indeed, as to all Motions of ter- 
reſtrial heavy Bodies, they are found ſo as to Senſe; but as to ma- 


thematical Exactneſs and phyſical Theory, they are really other- 


„L. I. No. 17. 


wiſe: that is, the Perpendiculars of Deſcent are not parallel 


one to another, but converging and growing nearer together, as 
they. approach nearer to the Center of the Earth; and the Power 
of Gtavity in every Point of thoſe Lines is not equal and uni- 
form, but ſtronger as it is nearer the Earth, and weaker as it is 
fartheſt off, & according to a certain Proportion, which makes the 
Curve Line of a projected Body not Part of a Parabolical Line, 
as Galileo, Torricellius, and the reſt have ſuppoſed ; but perhaps, 
Part of an Ellipſe, one of whoſe Foci is in the Center of the Earth. 
Notwiſtanding which, the Theories and Problems deduced geo- 
metrically from them upon ſuch Phenomena as they had then dif. 
covered, and upon the Hypotheſis they had thereupon taken, are 
highly valuable; and the Deductions truly made and demonſtrated, 


which is the utmoſt Performance that can be expected from Geo- 


metry. But now theſe Things have been carried much farther by 
Sir Iſaac Newton ;' the Power of Gravity is determined and brought 
to a Certainty, by what Degrees it decreaſes the farther it acts from 
the central Body; by which means the true Reaſon of the Motion 
of the Celeſtial Bodies, and the Lines or Orbits in which they 


paſs, 


/ nta py 1 Philofoply%. 5 


paſs, and he Velocities with which they move in their Nn is *. V. 
perfectly — as we have fully explained. — 


„ Nee es | 


f 


Bor in this, the Example taken from Gimiys is (as 1 faid be- 
fore) defective, for ſolving the Effect of a recoiling Spring, upon 


a Body moved by it; for in the Spring, the farther it is bert the 
mare powerful it is but! in Gravity it is the Ie O 


- Taz Effect therefore of the Power. of the Spring, in this Par- 


ticular, muſt be fought out from the Theory of the Nature of 


Springing, which is, as I but now mentioned, ſtronger and ſtron- 


ger, as it is the more bent, that is, in the ſame Proportion with 


the bending; and conſequently | (iince Action and Re-action are 


equal) the Velocity of the Body moved by it, will always be in the 
ſame Proportion with the Degree of bending, whether it be longer 
or ſhorter, that is, the farther the Spring is bent, the quicker is 
the Motion of its Recoil:; and the eſs it is bent, the ſlower. If it 
be bent one Degree, the Velocity is as One; if two Degrees, the 
Velocity is as Two; if Three, as Three; and ſo for any other De- 


gree: And conſequently, the Velocity being always proportioned to. 


the Space it is moved by it, the Time of the Spring's moving, 
whether a longer, or a ſhorter Space, will always be the ſame, or 
7ochrone, which is the ſame with the Motion of a en e 3 5 
Weight | is moyed 1 in a Cyeloid, as we have thewn. | | 


Tais wall lead me to de esl Things elricgtntii Bla- 
fiicity, and the Laus of elaſtick Bodies in their Congreſs ; as alſo 
the Effect of that Property in the Air for the Conveyance of Sounds; 
but theſe Things I ſhall treat of in the ſecond Volume, this belag 
| N ſwelled to too 75855 a Bulk. 521 
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F Three, ou, Five, or any Nomber of Tode G ben a Body i 1 
T*; the ſame Time, the ſame Rule will ferve to ſhew the Line in which che 
Body will move, which will be the Reſult of all the Forces compounded. 
As - wy Example, if four Forces, whoſe Quantities and Directions are re- 
preſented by the Lengths and Poſitions of the Lines A B. AC, AD, 
AE, act at once upon a Body at A; firſt let us draw B a and a C re- 
ſpectively equal and parallel to the Lines A B. and A C, and having ſo 
compleated the Parallelogram A B a C, let us draw the Diagonal A a, in 
which the Body would move if only the two Forces AB and A C acted 
upon it. Now, having ſhewn, that the Body, by only one Force, whoſe 
Quantity and Direction are repreſented by the * and Poſition of A a, 
would move juſt as it does by the Action of the two Forces A B, and A 
C; we may confider them as only one Force A a, which comparing with 
the Force A D, we ſhall have the Diagonal Ag of the compleated Pralle - 
logram Aa à D, being the Line in which the Body acted upon by the 
three Forces AB, A C, and AD will move, juſt in the fame manner as 
if only two Forces, as Aa, and AD had acted upon it. Three Forces 
therefore being thus reduc'd to one, repreſented by Ag, we may combine 
A a, with AF the fourth Force, and fo have the Diagonal A a, of the 
compleated Parallelogram Aa a E, the Line i in which a Body will move 
by the joint Action of four Forces. b | 

N. B. Mbich ſoever of the four Forces you begin with, the Line A will 
always be the Diagonal of the laſt Parallelogram. 

In the ſame manner may be found the Reſult of che Actions of any 
Number of Forces. 


[——t#be Space in which the Body moves is PER, &c.] 


When we do not attend to this, we often make very wrong JuJgments 
concerning Motion and Percuſſion, miſtaking an oblique Stroke often for a 
perpendicular one, and a perpendicujar for an oblique one, and draw- 
ing falſe Conſequences from Phenomena on account of thoſe Miſtakes. 
This will more evidently appear by a Scheme. (See Plate 28. Figrre 2.) 
GHBA and ABDC, are two equal Squares or Parallelograms ſtanding 
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upon another,” and ſeparated from each other only by the Plane or Line Annotat. 
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AE; and there is a Body moveable upon the Line GA, from G to A. Lea. V. 


Firſt, let us ſuppoſe the Body to fall F from G to A, in this Situation of the 


W * 0 0 , £ — 
Paraflelegrams; and the Parallelogram A BDC will receivx the Blow of I. 28. F. 2. 


the falling Body at A, the Stroke being made in a Direction perpendicu- 
lar to RE. Thea let the Parailelogram G HBA be ſet before the other, 
fo that the Tine G A may be directly before A C, add the Line HB 
before B D (or, to conſider it more mathematically, let thoſe Lines reſpec- 
tivcly co-incide) then the Body falling from G to A, vill alſo deſeribe the 
Line AC, perpendicular to A E. - Thirdly, the Parallelograms being Rill 
before each other, let the Body fall again along the Line GA, now before 
AC; but at the very Beginning of the Fall, let the Parallelogram GH AB 
{which has the Body) be moved horizontally in the Dite ion A E, ſo as 
to come into the Situation BE FD, when the falling Body has mov'd its 
Length G A; whereby it will be got to D inſtead of C, the Parallelo- 

ram AB DC being all this while immoveable. By this means the Bo- 
dy, carried in its Motion by its own Parallelagram, will have deſcribed. on 
the Patallelogram A BD C, the Diagonal A B, whilſt it has deſcrib'd- on 
its own Parallelogram only the Line G A, now repreſented by BD. 80 
that a Perſon, ſuppoſed to ſtand in the Parallelogram G HBA when it is 
before ABD C, and not to be ſenſible of the Motion of the Parallelogram 
in which he is carried, will ſuppoſe the Motion of the Body to have been 
abſolutely in the Line B D, perpendicular to A E, when it was only: rela- 
tively ſo, but abſolutely in the Line AD, oblique to A E, as we have 


ſhewn in the Lecture F. Fourthly, let us ſuppoſe the Parallelogram Ne z. 


GH A B, to ſtand upon the other ABD C, aad to be moved horizontally 
on the Line AE, whilſt the Body is falling from G to A, fo as to be in 
the Poſition HIE B, when the Body is come down to A, which is now 
transferred to B. A Perſon, who does not attend to this lateral Motion 
of the Parallelogram in which he is placed, will imagine the Stroke at B 
to be made in the Direction H B, perpendicular at AE; and the more 
ſo, becauſe the Force of the Stroke will be no greater than if the Body 
had mov'd in the Perpendicular H B, on account of its Obliquity. For 
tho' by the Motion of the Parallelogram, which made the Body go in the 
Diagonal GB, its Velocity (conſequently its Mamentum) is increaſed in the 
Ratio of G A to GB; yet the Force of the Stroke, on account of the 
Obliquity, muſt again be diminiſh'd in the Ratio of GB to GA, or of 
the Radius to the right Sine of the Angle of Inclination, as we have ſhewn 
in the Caſe of oblique Traction“. | 1 lm 


4 FAT | 3 
Fifthly,” Let us ſuppoſe the Parallelogram G H B A upon the other Pa- . 5, K. 


rallelogram A BDC, as we ſuppoſe at firſt; but the Body to move down 
the Line HB. In that Caſe the Body will ſtrike the Parallelogram 


ABCD at B, in the Direction HB, perpendicular to A E; and if the 


| upper 

1 Tho? we make uſe of the Word {to fall) the Explanation the eaſier ; tho? it is equally 
we.mult ſuppoſe the Body to come down by true, when we confider the Motion, as ac- 
an equal, not accelerated Motion to render celerated. = 
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Annotat. upper Para elogram be ſet before the lower one, the Line BD and HB 


Lect. V. vill be deſcribed at the fame Time by a Motion of the Body perpendicu- 
Pl. 28. F. 2. \Sixthly; Let the Parallelogram GHB A be fix d before the Parallelo- i 
-gram-"ABDC;: which we will ſuppoſe to move behind-it whilſt the Body 13 pH 


* don from H to B, which Points are now in the Poſition of B and 
D; fo that the Body may be come down its whole Fall to D, when the 
" Parallelogram A B D C is come to the Poſition B EF D; the Point D 
being come to F, and the Point C to D, where it meets the Body, inſtead 
of the Point D, to which the Body came before. In this Caſe, a Man 3 
at B, carried along in the Parallelogram AB D C, if he was not ſenſible : 
of his own Motion, would imagine the Body to have really deſcrib'd the 
Diagonal E D oblique to A E, which was only relatively deſerib'd; for the 
Body abſolutely deſcrib'd no other Line, but B D perpendicular to A E. 
For when the Parallelogram A B D C, is come into the Poſition 4 5 de, 
the Body will have deſcended ſrom B to 1, which is a Point common to the 
Diagonal & c, and the perpendicular Line of Deſcent BD, and conſequently 
ſeem to have deſcrib'd i 1, when it has only deſctibed -B 1 : then, when 
the moving Parallelogram is come into the Poſicioa ag α, the Body will 
be at the Point 2, common to the Diagonol Þ x, and the Line of Deſcent 
B D, ſeeming to have deſcribed g 2, when it has only deſcribed B 2: and 
when the Parallelogram ABDC'is come to the Poſi. ion BE FD, a Per- 
ſon carried in it, and not ſenſible of his own Motion, will imagine the Bo- 
dy to have deſcrib'd the whole Diagonal E D oblique to A E, when it has 
really deſcrib'd the Line B D perpendicular to AEK. 5 
Laſtly, let us ſuppoſe the Parallelogram G HBA immoveable upon 
AB DC, which laſt is to move horizontally the Length B E, whilſt 
the Body falls from N to B. In this Caſe, the Stroke will be received by 
the Parallelogram AB DC, at the Point A, inſtead of B, the Point A be- 
ing now come to the Place of B, juſt as the Body comes to it. The Stroke 
will alſo ſeem oblique as if it had come in the Diagonal I B, and the more 
ſo, becauſe its Force will be leſs than if the Stroke had been made at the | 
Point B, of the moving Parallelogram, in the Ratio of I B, to H B; that is, p AE 
of the Radius to the right Sine of the Angle in which the Parallelogram 
AB DC by its lateral Motion receives the Stroke. 5 


N. B. The Difference betwixt this Caſe and the 4th is this: That tho” 

the Obl quity of IB is the ſame as that of G B, yet the Force of the 

Stroke is greater in that Caſe chan in this. For in that, the lateral Mo- 

tion of the Parallelogram, that carries the Body, is a ſecond Force added, / 

the Combination of which Forces do really carry the Body in the Diago- 

nal and increaſe its Momentum, whoſe Effect is only diminiſhed on account | 

of the Obliquity of the Angle GB A: but in this laſt Cafe, the Body de- . © 
ſcribing no mote than the Perpendicular HB, has no Increaſe of Momen- 

tum, the lateral Motion of the Parallelogram AB DC adding no Force 
to the Body, but on the contrary leſſening the Effect of its Force by re- 
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ceiving the Stroke of it obliquely, and that in the Proportion of IB to 
Ir the Parallelogram ABDC had mov'd ſlower: as for Example, if it 
had only been in the Poſition 4 de, when the Body had TP 

whole Length HB, it would have receiv'd the Stroke on its Point 4 now 
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t receiv! Fo! Fig. 2. 
| at B, and the Obliquity would have appear'd leſs, the Direction of the Vo. 


tion ſeeming now to be in the Line K B. which alſo would have taken away 


leſs from the Force of the Stroke. Bur if ABDC had mov'd ſwifter than we 


ficſt ſuppos'd; then the Obliquity of Motion would have feem'd greater in | 


Proportion to the Obliquity of the Stroke, whoſe Force would have been more 
Mau are the Uſes of the Truth which we have been"explaining, not 
only in Mechanicks, but all mix'd Mathematicks. I'II give one Inftance 
of it in Opticks, by ſhewing how the annual Motion of the Earth about the 


San is a certain Conſequence of ſome Obſervations on the fix*d Stars, made 


by that curious and accurate Aſtronomer the Rev. Mr. James Bradley, Savi- 
lian Profeſſor of Aſtronomy in the Univerſity of Oxford. Thoſe that un- 
derſtand Aſtronomy and ſpherical Trigonometty, may read his own Ac- 
count of his Obſervations, and the Confequences he draws from them, in 
the Philoſophical Tranſafions, Ne 406. But as the Principles hitherto ex- 
plain'd in this firſt Volume of my Courſe, do not qualify the Reader for un- 
derſtanding Mr. Bradley's Account; I ſhall juſt explain ſo much of it as will 
ſhew the Application of what we have faid of oblique Motion, and at the 


fame time put that important Diſcovery of the Motion of the Earth out of 


QT, 4 „ | 8 
Ix is proper, in order to be the better underſtood, that I ſhould make 


a Digreſſion here, concerning the Opinions of Philoſophers about the Mo- 


tion or Stability of the Earth, and the Methods which have been uſed for the 
ſettling that Point. 7255 8 | | 
Tro” the firſt Notion, that the earlieſt Obſervers of the Heavenly Mo- 
tions, after diſcoyering the Roundneſs of the Earth, muſt (in all probabili- 
ty) have, is, that the Sky with the Sun, Moon, and Stats, turn round the 
Earth, as a fix'd Center: yet ſome Philoſophers very early taught, that 
the Sun was in the Center of the Syſtem, and that the Earth and all the 
Planets revolv'd about the Sun; as Pythagoras, Philolaus and others. But 
Ptolemy and his Followers maintain'd the different Opinion, which agrees 
with the common Notion of the Vulgar, who imagine the Earth a vaſt Body in 
compariſon with the Son and Planets, and immovable, as their Senſes ſeem 
to inform them. But as Aﬀtronomers came to obſerve the Motions of the 
Planets, whoſe apparent Irregularity could not be accounted for upon the 
Suppoſition of the Stability of the Earth, and the Sun was diſcover'd to be 
vaſtly bigger than the Earth; likewiſe that the Diurnal Motion of the Earth 
about its Axis, would ſolve all the Phænomena of Day and Night, and all 
the other Motions aſcrib'd to the primum Mobile, as the annual Motion 
ſolves all the Phenomena of the Seaſons, and clears up all the Difficulties re- 

lating to the Stations and Retrogradations of the Planets; moſt People 
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receive the Opinion of the Earth's Motion reviv'd by Copernicus, as the 
moſt reaſonable Suppoſition; but ſtill without a Demonſtration, this could 
be but a Suppoſition; tho? the Uſe of Teleſcopes, invented in our latter 
Ages, very much increaſed the Probability of the Copernican Hypothefis, by 
ſhewing by the Phaſes of Mercury and Yenus, that they muſt indubitably move 
about the Sun, and not the Earth. Philoſophers therefore endeavour'd to 
make ſuch Obſervations as might give a Demonſtra ion one way or other; 
and this was chiefly aim'd at, by endeavouring to find an annual Parallax in 
the fix*d Stars; the Manner of which will be eaſily underſtood by the 3d 


' Figure of Plate 28. | 


E Oe repreſents the Orbit of the Earth, whoſe longeſt Diameter is E e, 
S a fix'd Star, which an Obſerver at E ſees by the viſual Ray SE, which is 
at right Angles with the Diameter Ee, and with the Plane of the Ecliptick 
EQ e, Let us ſuppoſe this Obſervation to be made in June; then half a 
Year after, when the Earth and Obſerver are gone from E to e, at the Di- 
ſtance E e from the Point E, where the viſual Ray S E is perpendicular, if 
the ſame Star be again obſerv'd, it will no more be ſeen by a perpendicular 


Ray as 5 e, but by the oblique Ray Se, the Angle from the Perpendicular 


again from t 


being Ses, which is equal to E Se, the Angle under which the Diameter of 
the Earth's Orbit would be ſeen if the. Obſerver was at the Star S; and this 
is called the parallactick Angle. It is evident, that if the Star was as far 

2 arch, as at = inſtead of S, the Star would be ſeen by the 


Ray z e, and the parallactick Angle would be as little again; and therefore, 


that the farther the Star is in Proportion to the Diameter E e, the leſs will 
the parallactick Angle be: So that if the Star be at an immenſe Diſtance 
from the Earth, the Diameter E e ſeen from the Star (that is, in reſpect to 
the Diſtance of the Star) is but a point; therefore the parallactick Angle 
vaniſhes. Now the Fact is really ſo ; for when the Earth is come to e, the 
Star being at an immenſe Diſtance, is ſeen by the Ray e; which, tho' 
it makes an Angle with the Ray SE, yet as to Senſe it ſeems parallel to 
it. This has made the Ptolemaicks triumph in their Opinion, and ſay 


that the Orbit EQe is only imaginary, and that the Earth never ſtirs 


from the Place E; becauſe the Star appears always in the ſame Place, the 
right Angle which S E makes with the Plane of the Ecliptick (deſcrib'd by 
the Sun, and not the Earth) never changing. The Copernicans have al- 
ways anſwer'd, that the Want of Inſtruments ſufficiently exact has been the 
Reaſon, that the Angle of the Parallax could not be obſerv'd, and accord- 
ingly have endeavour'd to fix the moſt accurate Inſtruments in the beſt 
manner for that Purpoſe. Mr. Flamſtead fix'd an Arc of a Circle to a 
Wall, in order to obſerve a Parallax in the Pole Star, which he thought to 


de of 40 or 45 Seconds; but that Obſervation could not be depended up- 


on, becauſe it is not probable, that the Wall, to which he fix'd his Inſtru- | 


ment, ſhould remain exactly in the ſame Poſition in all its Parts, from one Sol- 
ſtice to the other. Dr. Hook pretended to have found a ſenſible Parallax 
in the fix'd Stars, obſerving it in the bright Star in the Head of Drace, 


dy a better Method, not depending upon a fix'd Inſtrument; but with a 


Teleſcope 


ous, as has appear'd by Mr. Bradley's, which we are going to mention. 
Sir Iſaac Newton was the firſt that demonſtrated the Motion of the Earth; 5 
but he did it from the Laws of Gravity, and not from aſtronomical Ob- 
ſervations. He was very cautious of giving Credit to ſuch Obſervations 
as others deduc'd the Parallax of the fix'd Stars from; and when Mr. 
Jobn Rowly had ground an Object. Glaſs to fix in one of the Towers of 
St Paul's Church, at the Top of the Newel of the Stair-Caſe, which would 
ſerve as a very long Teleſcope to obſerve the Stars near the Zenith, in order 
to determine their Parallax, he forbad the Glaſs to be put up, left Conclu- 
ſions ſhould be drawn in ſo material a Point from precarious Obſervations, 
looking upon them to be ſuch ; becauſe the Building might in ſettling alter 
the Situation of this Teleſcopick Tower. Another way is mention'd by. 
Dr. Gregory in the 9th Section of the 3d Book of his Aﬀronomy, which is 
this: Suppoſe the two Stars S and = to be in a Line, ſo that an Ob. * Plate 28. 
ſerver in the ſame Line at E, miſtakes them for one Star S; it is certain, Fig z. 
that if the Obſerver be remov'd to e, or any ſenſible Diſtance from E, the 
Star will appear double, becauſe now the two muſt ſubtend the Angle Se = 
= ; and ſuch an Obſervation does not depend upon the fixing of an Inſtru- a 
ment to an immovable Point, or much Apparatus; a Teleſcope arm'd with 
a Micrometer, being ſufficient for that Purpoſe. There was Hope of mak- 
ing an Advantage of ſuch an Obſervation, becauſe Mr. Caſſini had obſerv'd 
ſeveral Stars appearing double or triple at one time, and ſingle at another; 
as the firſtof Aries, that in the Head of the firſt of the Gemini, that in 
Orion's Sword, and ſome of the Pleiades: but upon further Examination they 
did not appear ſingle and double at ſix Month's Diſtance, and in a manner 
agreeable to what muſt be expected from the Parallax; but the Phæno- 
menon of the Stars appearing ſingle or double, was owing to ſome other 
Cauſe: And the Diſtance of the fix'd Stars is ſo very great, that even the 
Removal of the Earth from its Place 160 Millions of Miles, is not able to 
make us diſcover Stars that are behind one another. 3 
As a great many learned Men did not underſtand Sir aac Newton's Prin- 
cipia, and therefore did not acquieſce in his Proof of the Earth's Motion 
deduc'd from the Laws of Gravity; and thoſe that did underſtand his Book, 
were yet willing to have a collateral Proof from aſtronomical Obſervations ; - 
ſeveral Perſons have ſince attempted to obſerve a_ Parallax in the fix'd 
Stars: and in the Year 1725, the late honourable Samuel Molyneux, Eſq; 
with an Inſtrument, made and contriv'd by that curious Member of the 
Royal Society. Mr. George Graham, (ſo much more exact than Dr. Hook's, 
that without it we ſhould ſtill remain in great Uncertainty as to the Parallax 
of the fix*d Stars) began to obſerve the bright Star in the Head of Draco 
(mark'd y by Bayer) as it paſgd near the Zenith. Mr. Bradley alſo ob- 
ſerv'd it along with him; and from many Obſervations made with great Care, 
it appear'd, that the Star was more northerly 39 Seconds of a Degree in Sep- 
tember than in March, juſt the contrary 17, to what it ought to be from = 
19 | . annua 
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. it was diſcover d. Mr. Bradley, with another Inſtrument of the ſame kind, 
made alſo by Mr. Groham, ablery'd. aha ſame Appearances,. not only in bag 
but ſeveral other Stats; and being 1 Trials fully fatisfied, that the 
Phenomenon. was not owing to any Error in the laſtrument, he conſider d 
what might be the Cauſe; and ſound that it was really owing to che Motion 
of the Earth, and the progreſſive Motion of Light. So that now the Mo- 
tion of che Earth is 5 prog by aſtronomical Obſervation. This Diſcovery, | 
of ſo. great Conſequence tg, Aſttonomy, which has been attempted in vain 
for many Ages, and at laſt made in the Year 1728, is yet mention d no- 
where, that I know of, but in the Philoſophical Traeuſattions, in a Letter to 
Dr. Halley, from. the Diſcoverer, whoſe Modeſty is equal to his great Skill 
in Aftronomy. Had this been found out by ſome þ main, we ſhould 
have had whole Volumes written about it in a pompous Manner, before this. 
Time. It is ſurpriſing, that in the time of five Years, ſince the Publication 
of it, none of the learned Gentlemen abroad have taken any Hotice of it, 
either to object againſt, or acquieſce in it. 

This ſhews us, that the Parallax of the xd. Stars: is much ſmaller, 
than has been hitherto. ſuppos'd by thoſe who have pretended. to deduce it 
from their Obſervations; for inſtead of many Seconds, it does not amount 
to one, Hence follows, that the above-mention'd' Star in Draco's Head, 
is above 400,000 times. farther from us. than the Sun; that Light moves as 
far from the Sun to the Earth in 8 Minutes and 13 Seconds, and that the 
Motion of the Earth in its anndal Orbit, is ſſower than that of Light 
10,210 times; tho? the Earth mores at. the rate of about 56000 Miles in 
an Hour. 

Tho' Mr. Bradley's Letter is very clear to Aſtronomers, yet for the fake 
of thoſe, who have but a ſuperficial Knowledge of the Celeſtial Science, 1 
will (according to my promiſe) endeavour to ſhew in the plaineſt Manner, 
how the progreſſive Motion of Light, compar'd with the Motion of the 
Earth, makes a Star (which, after having been obſery'd in the Zenith, is 
left behind by the Motion of the Earth) to appear, as +I; it had mov'd for- 
ward, contrary to what we might expect. 


* 


Plate 28. Fg. 4. 


Let us ſoppoſe a Star to be at 8, from which | Light i is propagated every 
way in right Lines; but we will here conſider. only two of thoſe Rays 
or Lines, viz. SE and Se. Ee is a Line, in which the Obſerver, toge- 
ther with the Earth, is carried in the annual Orbit; which Motion (to make 
our Explanation the eaſier) we will ſuppoſe rectilinear; and alſo conſider the 
Motion of Light to be only 6 times \ lifter than the Motion of the > 
; 3 . 


ſo that a Particle of Light ſnhall go through the Line A E or Se, in the Annotat. 
ſam̃e time that the Earth goes through the Line Ee. It will then follow, Lect. V. 
mat whilſt a Particle of Light goes through any Part of the Line 8 e, . 
S 1, 1 2, 2 3, Cc. the Earth will go through a correſpondent Part of the 
Line E e, as Ef, fg, g b, Sc. Now if the Earth was at Reſt at E or e, 
an Obſerver from it would ſee the Star in the Line ES, or Se, by means of 
che Particle of Light. which ſhould come from S to E, or from S to e; but he 
would never fee the Star in the Line es, as if it was at 3. But if we ſup- 
poſe the Earth ſetting out from E to move in the Line E e, at the ſame time 
that to Particles of Light ſet out from the Star S, the one to move in the 
Line SE, and the other in the Line Se; it will follow, that the Earth 
will have left the Point E, before the Particle of Light coming in the Line 
SE can be arriv'd at the Obſerver's Eye, which will be at e, when the 
above-mention'd Particle of Light is at E; but then the other Particle which 
came in the Line Se, will come to the Obſerver's Eye, juſt as the Harth 
comes to e, and ſtrike it in the Direction 5s e, as if the ſaid Particle had come 
from 5; becauſe, tho' it really com: s in the Line S e, perpendicular to E e, 
the Motion of the Obſerver in the Line Ee, makes him receive a perpen- Shane ab 
dicular Stroke, as if it really was oblique; as we have ſhewn in the laſt via. FH 
Caſe. of Fig 2. (Page 400.) For if we ſuppoſe the Parallelogram AS e E 
with the Earth at the Angle E, to move laterally in the Direction E e, Plate 28. 
whilſt the Particle of Light coming from the Star moves in the Line 8 e, Fis. 2: 
with ſuch a Velocity as to go through S rx, whilſt the Earth goes through E 
F; 1 2, whilſt the Earth goes through Fg; 2 3, whilſt. the Earth goes 
_ throughg ; 3 4, whilſt the Earth goes through bz; 4 5, whilſt the Earth 
goes through i x; and laſtly, 5 6, whilſt the Earth goes through &e, or what 
is the ſame, to have 6 rimes the Velocity of the Earth; then the Diagonal 
SE being carried laterally, when the Particle of Light is come to 1, and 
the Earth (carrying the Parallelogram AS e E) to 7, the Point à in the 
Diagonal, will co-incide with the Point 1, in the Ray S e, or Line of Mo- 5M 
tion of the Particle of Light, which by that means will ſeem to have mov'd _ | 
in the Line Sa; when the Earth is at g, þ in the Diagonal will co-incide . 
with 2 in the Perpendicular, and the Particle ſeem to have deſcrib'd a5; 
when the Earth is at b, c will co-incide with 3; when the Earth is at i, d 
will co-incide with (or be brought to) 4; when the Earth is come to k, d 
will co-incide with 3; and laſtly, when the Earth is at e, E co-incides with 
6, and the Particle of Light ſeems to have defcribed the Ray or Diagonal 
SE, which muſt be now transfer'd to its Parallel g e, becauſe the Earth is 
now remov'd toe. So that the Star which becomes viſible to the Obſerver 
by the Line or Ray S e, does (on account of his Motion in the Line E e) 
appear to him to come in the Linese; whereas if the Obſerver's Place had beeu 
immoveable, he muſt have ſeen the Star at 8, and not at 3. If then the Ob- 


* Becauſe of the immenſe Diſtance of the Star, we muſt conſider the Line SE, as equal to Se. 


ſerver, 


* þ 


* 


uv when he comes to e, he will ſee the Star at 3, which he could not do, if his 


Plate 28. 
4 Fig. 4+ 


ſequence. 217 
2. [7. Page 317. Thoſe Parts of the Vortex, which are neareſt to the Sun, 
 wwill. move faſteſt, &c.—————The Squares of the Periodical Times, &c. are 
as the Cubes of their Diſtances, &c.] Sir Jaac Newton has in the 9'h Section 
of the ſecond Book of his Principia, conſider'd all poſſible Caſes of Vortices, 
of which I have only taken that, which is mentioned in the 11th Corollary 
of Prop. 52. as the moſt obvious. I refer the Curious to that Section, 
which would be too long to inſert here at full length; but the latter part of 
it (viz, the 33d Propoſition, which is applied to the Carizfean Hypotheſis 
to ſhew its Inconſiſtency, making it appear, that it is impoſſible for the Pla- 
nets to move in Yortices) I thought proper to tranſcribe here; as well as 
part of his general Scholium, at the End of his Book, which is to the ſame 

Purpoſe, = 13-0 1 Se al 


ProrosrTION 53d, of Sir Iſaac Newton's Principia, BOOK 24. 


| Bodies carried about in a Vortex, and returning in the ſame Orb, are of 
\, the ſame Denſity with the Vortex, and are moved according to the ſame 
Law with the Parts of the Vortex, as to Velocity and Direction of Mo- 


For if any ſmall Part of the Vortex, whoſe Particles, or phyſical Points, 
- Preſerve a given Situation among each other, be ſuppos'd to be congeal'd ; 
this Particle will move according to the ſame Law as before, ſince no Change : 
is made either in its Denſity, vis inſita, or Figure. And again, if a con- 
gealed or ſolid Part of the Vortex be of the ſame Denſity with the reſt of the 
Vortex, and be reſolv'd into a Fluid, this will move according to the ſame 
Law as before: except in fo far as its Particles now become fluid may be 
moved among themſelves. Neglect therefore the Motion of the Particles 
among themſelves, as not at all concerning the progreſſive Motion of the 
whole, and the Motion of the whole will be the ſame as befcre. But this 
Motion will be the ſame with the Motion of other Parts of the Yortex at 


equal 


"Courſe of Experimental Philoſophy. 407 
equal Diſtances from the Center; becauſe the Solid, now reſolv'd into a Anne 
Fluid, is become perfectly like to the other Parts of the Vortex. Therefore a 1 ccd. V. 
Solid, if it be of the ſame Denſity with the Matter of the Vortex, will move: 

_ with the ſame Motion as the Parts thereof, being relatively at Reſt in the Matter os 
that ſurrounds it. If it be more denſe, it will endeavour more than before 
to recede from the Center; and therefore overcoming that Force of the Vor- 
tex, by which being, as it were, kept in Æguilibrio, it was retain'd in its 
Orbit, it will recede from the Center, and in its Revolution deſcribe a 
Spiral, returning no longer in the ſame Orbit. And by the ſame Argu- 
ment, if it be more rare, it will approach to the Center. Therefore it can 
never continually go round into the fame Orbit unleſs it be of the ſame Den- 
fity with the Fluid. But we have ſhewa in that Caſe, that it would revolve, 
according to the fame Law, with thoſe Parts of the Fluid, that are at the 
ſame or equal Diſtances from the Center of the Vortex. 


Car: nn: T herefore, a Solid revolving in a Vortex, and continually go- 
ing round in the ſame Orbit, is relatively quieſcent in the Fluid, that car- 
Ties It, 2 | | | | : | | 


Cor. 2. And, if the Yortex be of an uniform Denſity, the ſame Body 
may revolve at any Diſtance from the Center of the Vortex. 


S CH¹OLIUN 


Hence it is manifeſt, that the Planets are not carried round in corpo- 
real Vortices. For, according to the Copernican Hypotheſis, the Planets go- 
ing round the Sun, revolve in Ellipſes, having the Sun in their common 
Focus; and by Radii drawn to the Sun, deſcribe Areas proportional to the 
Times. But now the Parts of a FYor/ex can never revolve with ſuch a Mo- 
tion. Let AD, BE, CF, (Pl. 28. Fig. 5.) repreſent three Orbits de- plate 28. 
ſcribed about the Sun 8, of which, let the utmoſt Circle CF be concentric Fig. 5. 
to the Sun; and let the Apbelia of the two innermoſt be A, B; and their 
Peribelia be D, E; therefore a Body revolving in the Orb C F, deſcribing 
by a Radius drawing to the Sun, Areas proportional to the Times, will move 
with an uniform Motion. And, according to the Laws of Aſtronomy, the 
Body revolving in the Orb B E, will move flower in its Apbelion B, and 
ſwifter in its Peribelion E; whereas, according to the Laws of Mechanicks, 

the Matter of the Vortex ought to move more ſwiftly in the narrow Space 
between A and C, than in the wide Space between D and F, that is, more 
ſwiftly in the Aphelion, than in the Peribelion. Now theſe two Conclufions 
contradict each other. So at the beginning of the Sign of Virgo, where the 
Aphelion of Mars is at preſent, the Diſtance between the Orbits of Mars and 
Venus, is to the Diſtance between the ſame Orbits at the beginning of the Sign 
of Piſces, as about 3 to 2; and therefore the Matter of the Yortes * 
: 5 3 oſe 


Lect. V. 
— nnmmmned 


plain the heavenly Motions. 
GENERAL SC HOL IU N. 


The Hypotheſis of Vortices is preſs'd with many Difficulties, that every 
Planet by a Radius drawn to the Sun, may deſcribe Areas proportional to 
the times of Deſcription, the periodick Times of the ſeveral Parts of the 
Vortices ſhould obſerve the duplicate Proportion of their Diſtances from the 
Sun. But that the periodick Times of the Planets may obtain the ſeſquiplicate 
Proportion of their Diſtances from the Sun, the Periodick Times of the 
Parts of the Vortex ought to be in the ſeſquiplicate Proportion of their Diſ- 
tances. That the ſmaller Yortices may maintain their leſfer Revolutions 
about Saturn, Jupiter, and other Planets, and ſwim quietly and undiſturb'd 
in the greater Vortex of the Sun, the periodick Times of the Parts of the 
Sun's Vortex ſhould be equal. But the Rotation of the Sun and Planets 
about their Axes, which ought to correſpond with the Motions of their Ver- 
tices, recede far from all theſe Proportions. The Motions of the Comets are 
exceeding regular, and govern'd by the fame Laws with the Motions of the 
Planets, and can by no means be accounted for by the Hypothefis of Yorices. 
For Comets are carried with very excentric Motions through all Parts of the 


Heavens indifferently, with a Freedom that is incompatible with the Notion 
of a Vortex. | 


3 . [9. Page 323. There are many more Experiments relating to central 


Forces, & For the fake of the Curicus we ſhall mention a few more in 


* 


Plate 24. 
Fig. 11. 


the Notes.] To ſhew experimentally how a Planet accelerates its Motion as 
it approaches to the Sun, and retards, as it recedes from the Sun; fix 
the whirhng Table (in the Condition repreſented by the rith Fizure of 
Plate 24.) to its Frame, that it may be eaſily turn'd round in its hori- 


'Zontal Situation. Then take off the 6&quare, or rectangular Piece S 3, and 


: | faſten 


1 


one of them as M, and 2 plac'd it within an Inch of the ſhort Part Plate 4. 
String through one bf the Side- holes of the Fig - 11 


upon M (while the Table turns found) the Wire may hinder the Ball 
ſtriking againſt the End of 'M # let the Table be whirl'd about in the 
Direction of the Dart, whilſt the Hand is holding the other End of the 


String looſely at u, and the Ball will preſs on the Sudre V © at M. Pull 


the String a little, to make che Ball approach nearer to the Center, and 


you will ſee and hear it ſtrike on the other Side at m, which ſhews its Mo- 


tion to be accelerated; but if then (the Table ill going round with the 
ſame Velocity) you flack your Hand; the Ball in receding from the Center 
will ſtrike againſt M, which ſhews it to be retarded, becauſe it moves flower 
than the Parts of the Table under it, as it mov'd faſter than the Table in 
the other Caſe, e eee _— 
The Coneluſion from the 15th Experiment (vrz: that in the ſame Orbit 
the centrifugal Force is as the Square of the Velocity) would follow from 
any other Variation of the Periodical Times; as for Example, if the Strin 


” 2 ” 4 


of the Pulley H“ be put on the Groove of 3 Inches, and that of the Pulley +» Plate 25. 
K on the Groove of 2 Inches, each Planet being of equal Weight, and at Fig. 1: 
the ſame Diſtance from the Center; the ſwifteft Planet P will (in Its 


Tower) raiſe a Weight of 2 + Pounds, whilſt the ſloweſt p raiſes only 1 
Pound; which Weights ate to one another as 9 and 4; that is, as the Squares 
of the periodical Times 2 and 3 reciprocally, or the Squares of the Veloci- 
ties directly. | | ECOL... ed 

In a Word, let the Central Forces differ in any Manner whatſoever, one 
may compare them together by the Help of what has been already ex- 
plained; for they are always in a Ratio compounded of the Ratio of the 
Quantity of Matter in the revolving Bodies, of the Ratio of the Diſtances 


* 


from ths Center, and laſtly" of the inverſe Ratio of the Squares of the pe- 


riodical Times. And the Compariſon is thus made: Multiply the Quan- 


tity of Matter in each Body by its Diſtance from the Center, and divide 


the Product by the Square of the periodical Time, and the Quotients 
of the Diviſions will be in the ſaid compound Ratio, that is, as the central 


Ex PERIM ENT. Plate 25. Pig. 1. 


Let the Wheel-ſtring be on the 2 Inch Groove of the Pulley K, and ple 23. 
the 3 Inch Groove of the Pulley H, which will triake the petiodical Times Fig. 1. 


of the Planets P and # be to one another as 2 to 3; by the Addition of 
4 Ounces to the e Fro, in the Tower 8, the whole Weight 
will be of 6 Ounces, and let the 


| lanet P be of two Ounces, and at 8 Inches 
Vor. I. 6g 8 from 
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4 ah "hens be Planet p' muſt Po; 00 Ci Ws 12 e from 
the Center, and the Weight that draws it in the Tower g, muſt be of 


— 8 Ounces. Turn the. Whetl, and both Weights: n raiſe at the ſame 


Moment. 
Multi ply. 2 (che Weight. of hs Planet P) by: 8 in Diſtance, hag the 


Product is 16, which being divided by 4 ( Squate of Mts: Periodical 


Time) gives 4 for the Quotient, (for 2 K 8 16, and r 24. Then 


multiply 4 (the Weight of the Planet p) by, its Diſtance 12, and the 


Product 48 being divided by 9 (the Square of the periodical Time of ↄ) 

you will have 54 (for 4 * 12 48, and 53.) Now theſe Numbers 

4 and 5 7 are to one another as 12 and 16, or as 6 and 8, which are the 

Long -in the Towers that e the ue of the Central 
orces. 

Whenever 36 Quantities af Matter: are. ene * = ods * the | 

Diſtances by tbe Squares of the periodical' Times 10 determine. the Hinepevien of | 


the Central Forces to one auniher. 


And in that Caſe, if the Squares of the pvriodical Ti imes are to one another, 


as the Cubes of the Diſtances, the Quotients of the Diviſions will be in an in: 
verſe Ratio of the Squares e the Diſtances; and you will find the central Forces 


to be in the ſame euer : Which is the Caſe of the amen and eee in 
the Heavens. | 


This ** be very well illuſtrated by the following - 
Exyrninant. Plate 25. Er. 155 


Let the Wheel-ſtring an. over the 3 Inch Groove of the Pulley K, and 
the 6 Inch Groove of the Pulley H, to make the periodick Time of the Pla- 
net P be 3, while that of p is 6. Let P and p be of four Ounces each, P 
being 5 Inches from the Center, and p at the Diſtance of 8 Inches from 
the Center. Then if P is faſten'd to 10 Ounces in its Tower S, and p to 


4 Ounces in its Tower 5, both Weights will riſe at once when the Wheel 


1s turn'd about. 


The central Forces are here as my to 10, = the inverſe Ratio of the 
Squares of the Diſtances is the Ratio of 25 to 64 (which laſt Number 
ſhould ſtrictly be 62 4, and may be ſo if the Diſtance from the Center be 
made the ſquare Root of 62 2, but we choofe 8 Inches to avoid Fractions) 


near enough for an Experiment, The Squares of the periodical Times 


are 9 and 36, which alſo agree near enough with the Cubes of the Di- 
ſtances, viz. 125 and 512; for 512 would become only 500, the exact 
Ratio wanted, or much nearer, if the Diſtance from the Cnet had been 
the ſquare Rout of 62 2, as we ſaid before. 


4. [1 6. Page 3 38. Others, &c. alledze, that the CNS is not as the 


Prad of the 25 by. the Velocity of the 1 Bow, A as + Hh. Ct any 


* into the e ＋0 (in: V. Stine 


a4. Page 


art 


24. Page 346. The Weight, &c. multiply it by the Velocity, it will give A nnotat. 

Wes %%% ̃ CON an RISE e 

Lill within theſe few Years, all Mathematicians and Philoſophers agreed 
ia the Opinion, that the Momentum, or moving Forces of Bodies, is made 

up of the Maſs, or Quantity of Matter, multiplied into the Velocity, as 

we have explain'd in the 2d Lecture“. Monſ. Leibnitz (if I am rightly » L. 2. No. 

inform'd) was the firft that rejected the old Opinion, affirming, that the 5, 2, 3. Ce. 

Force of Bodies in Motion, was made up of the Maſs mulciplied by the 85. 

Square of the Velocity, applying it to the Fall of Bodies, and ſaying, that 

the Stroke made by falling Bodies was always proportionable to the Heights 

from which they fell, which Heights are F as the Squares of the Veloci- + L. S. No. 

ties. But his Error lay, in not conſidering the Time (as we have ſhewn z) 6. Cor. 1. 

for the Velocities alone are not the Cauſe of the Spaces deſerib'd, but the | 

Times and the Velocities together: for otherwiſe the Effect would be 

reater than the Cauſe, which is abſurd. Several ingenious Men have en- 

deavour'd to defend Monſ. Leibnitiz's Opinion by ſubtle, tho? fallacious, 

Arguments, having firſt deceiv'd themſelves by miſapplied Obſervations 

and Experiments. „ | | | Tb 


Some have diſtinguiſh'd the Actions exerted on Bodies (as for Example, 
the Force of Gravity) into a living and a dead Force (vis viva, & vis mor- 
tua) calling that a living Force, whereby it produces a viſible Effect on a 
Body, and a dead Force, that which is deſtroy'd by a contrary Cauſe; as 
when a Body is kept from falling by an Obſtacle, or being ia the Scale of 
a Balance is kept from deſcending. by a Counterpoiſe in the oppoſite 
Scale. Were we to allow of this Diffinctton, yet the common Experiment 
of the moſt ſimple mechanical Organ, I mean the Balance, ſhews that the 


$44. $A 
$ 


vis viva and the vis mortua, are both in the ſimple Proportion of the Ve- 
locity multiplied into the Maſs. For Example, 4 Pounds being placed at 
the Diſtance of 6 Inches from the Center of Motion, and 2 Pounds at the 
Diſtance of 12, will have a vis viva, if the Balance be put into a ſwinging 
Motion. Now theſe Forces appear to be equal, becaule, with contrary 
Directions, they ſoon deſtroy one annother , but they are to one another in 
the ſimple Ratio of the Velo:-ity multiplied in the Maſs, vz. 4 x 6 = 24, 
and 2 & 12 = 24. Wnereas if the Forces in this Caſe had been as the 
Maſs into the Square of the Velocity, the Weight 2 placed at near 8 
Inches and an half, would have deſtroy'd the Motion of the Weight 
4 at 6 Inches diſtance, and have reduc'd it to an AÆquilibrium. That 
is, 6x6 x 4 = 144, and $;426, Oc. + X'$,420, 8 „ 
The Caſe is the ſame in the vis nortua; for then 2 at the Diſtance 12, 8 
keeps 4 in Aquilibrio at the Diſtance 6, and the leaſt Alteration either | 
of Weights or Diſtances, will deſtroy the Æguilibrium. The ſame Thing 
is true in the Leaver, . Pulley, Axis in Peritrochio, Inclin'd Plane, Weage, 
and Screws. e ie „ PR 
The Momentum of Bodies appearing ſo plainly by this common Expe- 
riment to be the Product of 7 2 Maſs by the Velocity, others have ſaid, 
that the particular Make of the mechanical Organs was the Cauſe of this 
| Ganz :- Phenomenon, 


Annotat. 


Lect. V. 


nw 4 hs this ARion of Bodies open one rk val means 
of Inſtruments, muſt be call'd Preſſure, diſtinguiſhing between Force and 


Faure, allowing Preſſures of Powers to be to one another reciprocally as 


the Maſſes multiplied into the Velocities; but denying that Forces are 
in that Ratio. Now to ſhew that Forees, which we alſo. call the Mo- 


menta of Bodies, ate in the Ratio above-mentioned, | let us impartially 


; Galen the following Experiment LAT net: to . by Mr. George 
Crabam. 


Hep: 11S; Plate 24 Fig. 1. 1 
The Machine repreſented by the Figure has been already deſcrib'd 


* (Page zoo,) only we muſt ſuppoſe the Arc FE to be divided into 24 De- 


rees on each Side, counting from the Edges AD and CB of the flat 
3 Pendulum, inſtead of 18 mark'd in the Figure; and that the Pen- 
dulum weighs 2 Pounds, and the Weight W alſo two Pounds. 

Nou if the Pendulum wichout the Weight W, be drawn up. to the 


24th 8 on the Side of E, when you let it go, it will riſe o 24 on the 
other Side; but if a Perſon, who holds the String Lin his Hand (whilft 


the Weight W hangs half an Inch above ABCD, when at the loweſt 
Place). lets go the String jult at the Moment that the flat Pendulum comes 
to the loweſt Place, the Pendulum receiving thereby an. Addition of Matter 
equal to its own, goes only to 12 on the Side of F. If we let the Pendu- 
tum fall from 20 Degrees, and W be let down upon it at the loweſt Part 


of the Vibration, then it will (thus loaded) go but to 10 Degrees; 3 and 


when you let it go from 12, if it recelves the Weight W at Bottom, it will 
go bur to 6. 

Now to compare together che two Opinions, we muſt examine, which of 
them gives the KRG the ſame betore and after the Reception of W. 


OLD OP1N10N. 


In the firſt Half of the Vikwation. '  Inithe laft Half of the Pibration: 
Velocities, Maſs, Momenta. Velocities, Maſs, Momenta. 


V 1090 4 Þ 40 
12 24 i i 6 5 ; 24 


NEW OrIN ION. 


In the firſt: Half of the Vibration. In the laſt Half of the Vibration. 


Vel. Sq. Vel. Maſs, Momenta, Vel. Sq. Vel. Maſs, Momenta. 


24—576 1132 || 12144 576 11 #152 
20—400 f 2 4 800 | | 10—100 þ 4 1 400 þ £45 800 
6— 36] {LL 144 }-5 [ 288 


12—144 J 288 


Aut to have the Moments as they ought to be according to the new Opi- Annotat. 
the Velocities, after the Reception of W on the Pendulum, ought to Lect. V. 


have 
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been 12 —. 14, 1 +» an 848 +3 for 17. Xx I 288, and 


14, 1 + * 14, 1+ =200, and 8,48 + x8, 48 =72 ; which Numbers re- 
ſpectively multiplied by the Maſs. 4 of the Pendulum and Weight, will 


ive 


for Products 1152, 800, and 288, the ſame Momenta that the Pen- 


dulum had in the firſt Half of the Vibration. 


wk 


the Middle of A BCD, one muſt make. ſeveral Trials, and bave a Circle 


dran upon the Plate A BCD, to ſhew the exatt Middle of it; but the 
Experiment is concluſive, tho W does not fall preciſely into the Circle: for 


when it falls beyond it (for Example, when you let the Pendulum go from 


12) then will the compound Pendulum ge as far beyond 6 towards F, 
and come as far ſhort of 6 towards E. The ſame happens, whatever 
_ Height the Weight falls from, The Experiment alſo ſucceeds equally, whether 


the Bottom of the Weight and upper Surface of the Plate be rough or 


ſmooth, ſoft or hard. Nay, there is another Way of making the Experi- 


ment, after than letting fall the Weight ; 
String that holds the Weight, fo that the Pla 


ang that is done by fixing the 
| » Plate can but juſt flip under it in 
its Vibration, and then ſcrewing the curv'd upright Piece w x w 10 the 
Plate, repre/ented now by a be d, in ſuch manner, that the curv'd Piece, 


or Semi- cylinder, which is:ſomething bigger than the Circle W ] (Baſe of 


the Weight when on) ſhall, at the Bottom of the Vibration, embrace the 


Weight W, and carry it along, without its falling upon the Plate. In 


thislaſt Cafe the Experiment will alſo ſucceed, whether the Weight has its 
cylindric Surface of Lead, Iron, Braſs, or even ſoft Leather. I made 
the Experiment theſe different Ways, in order to remove ſeveral Objectious; 
tho they were of ſo little Force, that they may be eaſily anſwer'd withouh; 


and they. are as follows. 


| Obje. 1. Ths Shock made by the Fall of the Weight W, hinders the 
compound Pendulum from going ſo far as it ought to do. | 


- 


Anſwer. T he Pendulum is in an horizontal Motion, when it receives | 
the Weight W, which by its Fall gives a perpendicular Stroke, which (by 


what has been ſaid of two Forces acting at the ſame time upon a Body) 4 Lea. z. 
neither advance nor retard it towards the Side where it is going, but Ne. 85. 


can 
only 
a litt 


make it go lower, if the Strings that ſuſpend the flat Pendulum yield 


le. For Example, let ef (“ Plate 24. Fig. 1) be the Line in which . pl. 24. F. i. 


the Pendulum moves at the loweſt Part of its Vibration, which we will 
conſider as a ſtreight Line, taking the Tangent inſtead of a {mall Are; let 
the Weight W fall in the Line we. Now if we ſuppoſe the Strings to yield, 


ſo as 


to become longer by the whole Depth e g, then will the Pendulum 


be acted upon by two Forces, as e J, and eg, which will make it go in 


5 | „ 


* 


B. As it requires a litile Practice and Dexterity to let W fall juſt upon Pl. 24. Fig · 1. 


TY 
K | 

N 5 Annotat. 
| Leck. V. 
| Plate 24. 

; 


Fig. 1. 
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the Diagonal e I; if the Strings ſtretch but to , then will the Body go in 
the Diagonal e n; if they ſtretch only to i, the Body will go in the Dia- 


gonal e n; and laſtly, if the Strings either don't ſtretch at all, or by theit 
Re: action reſtore themſelves wholly, then is the whole Effect of the Shock 


of the Fall of W deſtroy'd, and the Body will go in the Line eF, as if 
there had been no ſuch Stroke. Now in all theſe Cafes, the compound 
Pendulum goes from the Line eg to the Line F in the ſame Time, and 


the Edge of the Plate muſt ſhew the ſame Number of Degrees upon the 


graduated Index below it. To theſe Objectors allo, the Succeſs of the 


Experiment when ſoft Leather is glued under the Lead, muſt give Satiſ- 


faction; but making the Experiment without letting the Weight fall at 
all (when the little Semi-cylinder w x u of the Plate takes the Weight 


along-with it) muſt be a full Conviction, 


Objef, 2. The Friction of the Weight W, and the Plate ABCD, 
one againſt another, occaſions the Loſs of Motion, and hinders the com- 


pound Pendulum from going to thoſe Diſtances, that are agreeable to the 


new Opinion. | 15 


Aufurr. This Objection is too looſe and general; for the Objectors 
ought to ſhew how much Motion Friction can deſtroy in other Caſes, and 
that there is as much Motion loſt here. Whereas, upon Examination, 
the ſuppos'd Cauſe will appear unequal to the Effect. For the Motion 
loſt here, according to the new Opinion, muſt be half of the whole Mo- 
tion of the compound Pendulum; whereas Friftion, at moſt, never de- 
ſtroys above a I hird. Beſides, the Friction of one Part of the Pendulum 
againſt another, does no way affect the Motion of the whole Pendulum, or 
of the Syſtem of thoſe two Bodies, that Way in which it is carried. For 


Sir Iſaac Newton has demonſtrated in hi. Principia, Book the iſt, in the 


Corollaries to the Laws of Motion—That if Bodies, any how mov'd among 
themſelves, are urged in the Direction of parallel Lines by equal accelerative 
Forces; they will all continue to move among themſelves, after the ſame manner 
as if they bad been urged by no ſuch Forces. Now, this is the Caſe of our 
compound Pendulum, all whoſe Parts for the ſmall Time of the Shock or 
Friction, may be conſidered, as carried along in right Lines; that is, in 
the Line e f, and its Parallels. The Anſwer by way of Experiment 1s, 
that when 1 have made the Bottom of W very ſmooth, as alſo the Surface 


of the Plate (as I was defired to do by ſome of the Objectors) it has been 
more difficult to make the Experiment; but the Succeſs has been the ſame: 
For whenever the Weight W had its Center a little behind the Center of the 


Circle w wp, perhaps by ſlipping backwards, the compound Pendulum came 
ſhort of the 12, 10, or 6 Degrees forwards towards F ; but then it exceeded 
as much when it came back towards E; whereas the Diminution of Friction 


ought to make it go beyond thoſe Numbers according to the new Prin- 
ciple. | bi : | POR. | ; 


"Tho" 
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_ Tho' this is ſufficient (at leaſt as it appears to me) to convince any Per- Annotat. 
ſon that is attentive to the Thing, of the Truth of the old Opinion; yet, Le&. V. 
in juſtice to the two ingenious. Profeſſors of Leyden and Utrecht, I ought t 

mention an Experiment, which they made in oppoſition to this Experiment 5 
of the flat Pendulum. )FCCCTVVV oy airs ; 


ExPERIMENT. . Plate 28. Fig. 6. | 3 

© he i "4 BS: . | £244.58 18. 0. 

ABG is a vertical Board, having an upright Piece AD fix'd to it . 
with two Screws yy, at the Top of which Piece there is fix'd an horizon- 

tal Arm DE. From the ſaid horizontal. Arm are let down two fine Fid- 

dle-ftrings Cm, cn, which by the two little Hooks u, ſuſtain the Braſs 

Cylinder W. This Cylinder is a Box with a Cone H, ſcrewing into it, 

to ſhut up any Weights contain'd in it, and at the ſame Time to cut the 

Air the better, when the Cylinder moves with the conick End foremoſt, 

t is a little Tail or Ruler fix'd to the other End of the Cylinder on its 
Axis continued, with ſeveral vertical Holes in it, to receive the Pin P, 
Which goes through it behind rr, a ſtrong Braſs-Plate fix'd at right 

Angles to the Board A B G, by means of its Return R ſcrew'd tight a- 

gainſt the Board; which Plate has an Hole to tranſmit the Tail 2 2, 

whereby the Spring 3 (faſten'd alſo to the End of the Cylinder) is bent. 

When the Pin P is ſuddenly pull'd out, the Cylinder is ſhot forward by 

the unbending of the Spring, in the Line H; and the fliding Ruler 

On being drawn out, ſo as to have its firſt Divifion begin where the 

String. en hangs, that String in the Motion of the Cylinder will ſucceſ- 

ſively paſs over the Diviſions upon the Ruler, and ſhew bow far the Cy- 

linder is ſhot forward in every Experiment. The Cylinder, with its Tail, 

Spring, and Head, weighs juſt one Pound; but by putting differenc 

leaden Cylinders into it, it may be made to weigh 2, 3, or 4 Pounds 

and likewiſe the Spring may have different Degrees of Force given to it, 

according as the Tail 77 is drawn farther through the Plate r 7, towards 

R, and kept in its Place by the Pin P. N. B. The 7th Figure repreſents e 11 

Part of the Cylinder with its Tail and Spring, and the reftangular Plate, drauun 8 
by .a larger Scale, aud mark'd with the ſame Letters, | | 

When the Spring bent to the ſame Degree, does, by pulling out the 
Pin P, ſucceſſively ſhoot forward the Cylinder differently loaded; you will 

find, by obſerving the String cu, to what Diſtances the Cylinder is thrown. 

Now it always happens, that in thoſe Caſes, whatever the Weight of the 

Cylinder is, the Product of its. Maſs by the Square of the Velocity, is 

always the ſame. That is, if the Cylinder weighing 1, the Spring be ad- 

juſted ſo, as to throw it to the Degree 8 mark'd on the Ruler or Fan- 
gent-Line 10; the Cylinder loaden with 2, will by the ſame Bent of 

the Spring be thrown to 5,65, Sc. if loaden with 3, it will go to 4,62, 

Sc. and if loaden with 4, it will go to 4. Theſe Gentlemen therefore 

alledge, that they have made uſe of Elaſticity io their Experiment, as 1 
have made uſe of Gravity in mine; and that as their Experiment is agree: 
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able to the new Opinion, and mine is agreeable to the old; therefore no- 
thing is to be concluded from either of them e 
Indeed, one would imagine fo at firſt; and one would think that (ac- 
cording to the old Opinion) the Spring which ſhoots the Weight 1 to 2 | 
Degrees, ought to ſhoot the Weight 4 only to 2 Degrees; whereas we 
ſee it ſhoots to 4 Degrees, ſince the ſame Force muſt produce the ſame A. 
mentum. But here lies the Fallacy. If the Force of the Spring acted no 
longer upon the Weight 4, than it does upon the Weight x, it would ſhoot 


it but to 2; but the Spring acts as long again upon the Weight 4, as it does 


upon the Weight 13 as is evident, becauſe the Weight 4 moves but with 
half the Velocity of the Weight x, the Spring quitting the Plate vr, as ſoon 
again, when it drives forward the Weight 1. So that an equal Cauſe acting 
twice the Time, muſt produce the ſame Effect, as a double Cauſe acting dur- 
ing the ſame Time as the ſingle one. Hh „ 
When a Truth has been prov'd by plain Reaſoning and ſimple Experi-. 
ments; there is no Occaſion to take any Notice of ſuch ſubtle Reaſonings, 


and complex 1 that are made uſe of to perplex it, for the Con- 


firmation of the Truth. But, if the Experiments made to eſtabliſh one 

Opinion, and overthrow another, tho? they have not anſwered that End, vet 
lead us to ſome new Diſcovery, or clear up fome other Truth not generally 
known, they certainly merit our Attention and thorough Examination. 
Dr. PGLaveſimde, and Dr. P. Mnſchenbroek, are too curious in making, and 


tco faithful in relating their Experiments, not to have us credit the Facts: 


Therefore, tho? I deny the Concluſion, which they deduce from the Impreſ- 
ſions made on Clay, or other ſoft Subſtances, by Sheres; Cones, or Cylin- 
ders, I think, there are very uſeful Confequences to be drawn from their 


Experiments in re ſpect of Percuſſion, and the Reſiſtance of ſoft Bodies. I 


likewife believe Profeſſor Polenus to have made his Experiments carefully, 
tho? I have not the Honour to know him. Therefore I will, in the Be- 

ginning of my next Volume, conſider this Diſpute fully, and hope to ſhew 
the entire Fallacy of the Reaſonings, which have been publiſh'd in favour 
of the new Opinion, and fully explain, why the Experiments alledged, ate 
not concluſive in that Point, It is not proper to do it now; becauſe, I have 
not yet explain'd the Laws of the Congreſs, or Shock of Bodies, which this 
Volume, already ſwell'd to too great a Bulk, allows me no room to do. 1 


hope I ſhall then be able to ſettle the Diſpute, by proving the three follow- 


ing Propoſitions. 


1. That the Cauſe, which accelerates Bodies in their Motion downwards, 
and retards them in their Motion upwards, does (abſtraftins from the 
Reſiſtance of the Air) mot accelerate them in their Fall with more Dif- 
ficulty, or flower than it retards them in their Riſe, which is a Suppoſi- 

lion made in fatour of the new Opinion. | EEE 


2. That Impreſſions, or Pits of equal Capacities or Depths, made on ſoft 
Subſtances by hard Bodies, by ſtriking them with unequal Velocities, are 
. c ngi 


% . 
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not proporticnable to the Momenta, er Forces of thoſe percutient Bodies; Annotat. 


= tho? they be propertionable to the Maſſes multiplied into the Squares of the 
3. That Experiments of the Congreſs of ſoft and elaſtick Bodies do not prove 
the new Opinion, but confirm the old. | 


Le&. V. 


In the mean Time, I refer the curious Reader for Satisfaction to the 


_ Philoſophical Tranſactions, where he will find Diſſertations upon this Subject, 
in the following Numbers, N*®. 371, 375, 376, 396, 400, and 401. | 
In Ne. 371. There is a Paper of Dr. Henry Pemberton, to ſhew the Ex- 
periments of Polenus inconcluſive for the new Opinion. 
In Ne. 375. I endeavour to confirm the old Opinion, by an old Expe- 
riment on the Balance, and ſome Experiments of the Congreſs of Steel Balls. 
In N?. 376. I endeavour to ſhew the Fallacy of Polenus's Experiments 
by two new ones. | : 
In Nv. 396. Mr. John Eames, F. R. S. makes Remarks upon the new 
Opinion, relating to the Forces of moving Bodies, in the Caſe of Colliſion 
of Non-elaſtick Bodies: And in the ſame Tranſaction ſhews, in another Diſ- 
ſertation, that the Proof for the new Opinion, drawn. from the Doctrine of 
Compoſition and Reſolution of Forces (when a Body by its Impulſe bends 
ſeveral Springs) equally proves both Sides of the Queſtion, and thereby 
proving too much, does in reality prove nothing at all; and therefore is far 
from deſerving the Name of a Demonſtration. Ee N 
In No. 400. The ſaid Mr. Eames has made Remarks upon ſome Expe- 
riments in Hydraulics, which ſeem to prove, that the Forces of equal mov- 
ing Bodies are as the Squares of their Velocities. , | 


In No. 401, There is a Letter of the late Rev. Dr. Samus! Clarke, con- 


cerning the Proportion of Velocity and Force in Bodies in motion. 
Yet I cannot but blame the Doctor's uncivil Treatment of thoſe Gentle- 


men, who defend the new Opimon, in Expreſſions very rude, and not at all 


relating to the Argument itſelf: Neither can I be of his Opinion, in his 
taxing Dr. £Graveſande with *©* intending io raiſe a Duſt of Oppoſition againſt 


Sir ISAAC NE W TON's Philoſophy ;** fince I know that Profeſſor does, 


and always did, very much eſteem Sir 1/aac Newton's Works; and that both 
he, and Dr. Patrus van Muſchenbrotk, Profeſſor at Utrecht, do teach the 
Newtonian Philoſophy, tho' they differ from him in relation to the Momen- 
tum of Bodies. „ 1 | 


[25. Pape 247. The Pile may enter into the Earth farther than in that 
Proportion, &c.———Page 348. Nails, &c. give way to the Hammer nearly 
according to the Square of the Velocity, &c. 
in the Battering Ram. | 


But the Reverſe muſt be done 


Tho? che Experiments made by the ingenious Profeſſors Polenus, Grave. 
ſande, Muſchenbroek, and others, do not prove the Momenta of Bodies to be 


as the Maſs into the Square of the Velocity, for the Reaſons given in the 


Philoſophical Tranſactions, which 1 have referr'd to, and for other Reaſons 


Vor. I. Hh h (which 
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(which I reſerve for that Part of my Work, wherein I ſhall conſider the 

Congreſs of Bodies, and Which, I hope, will be ſatis factory to thoſe Gen- 
tlemen themſelves) yet they have a great deal of Merit, becauſe they do 
certainly ſnew, that the ſame Body ſtriking ſoft Subſtances with different 


Velocities, does make Impreſſions upon them, in Proportion to the Squares 


of thoſe Velocities; and thereby give us a Principle to ditect the Practice 
of ſome mechanical Operations, Which was not very well known before. 
Accordingly, a one-handed Hammer, ſiriking upon a hot Iron, when it has 
4 times the Velocity of a two-handed Hammer, which is 4 times keavier, 
will do twice the Work in forging the lron, tho' the Momentum is the ſame 


in both; but the Introceſſion, or Yielding of the Iron, is not the ſame in 


both. So in driving Piles, when the Earth is equally yielding, if we raiſe 
the Rammer four times as high, the Pile will enter into the Earth four times 


eaſier z but when the Pile (tho? ſhod with Irony ſtrikes upon a Rock, or 


is driven in ſtony Earth, the Caſe is not the ſame, but in a mix'd Propor- 
tion between that of the Maſs into the Velocity, and the Maſs into the 
Squate of the Velocity. | . 1 Þ 


» Plate 28. 


Fig. 8. 


Now in a Baitering Ram, the Effect will be greater, when a great Quan- 
tity of Matter moves with a ſmall Velocity, chen when the ſame Momentum 
is produc'd by a little Quantity of Matter which moves with a great Velo- 
city. The explaining of this will give ſome light into the Diſpute concern- 
ing the new and the old Opinion, For, if we ſuppoſe ACDE* a Pic.e of 
Wall (whoſe horizontal Sec ion is repreſented here) ſtruck by a Cannon Ball, 
or a Battering Ram at B, the Effect in the firſt Caſe wil, be this, that the 
Cannon Ball, (ſuppoſing it to have a jufficient Velocity) will go thro” the 
Wall, making the Hole 45 Be thro? the Wall, or at moſt, the Hole dc Be, 
in the Form of a truncated Cone, ſhaking a little more of the Wall, than 


the Parts of it, which are very near that Hole, becauſe the Velocity is fo 


L. 2. No.9. 
and Annot. 3. 


great, that the Motion has not Time to be communicated very far, whilſt 
the Bullet is paſſing. But if a Battering Ram, with the ſame. Momentum, 
but a- Velocity ſo much leſs as it has more Matter, ſtrikes the Wall at B, 
it will ſhake it round about to a great Diſtance, the Motion having Time 
to be communicated ; and, if the ſucceſſive Blows be continued, fo that the 
lecond may be given, before the Shaking given by the firſt is over; after 
ſeveral Blows, a large Piece of Wall will be thrown down, duch as FG HI. 
This is what Sir Chriftepher Wren has often practis'd in the beating down 
of old Buildings and Ruins; in order to erect new Edifices in the Place 
where old ones formerly ſtood: And he ſaid, he found no Way ſo expedi- 
tious for demoliſning old Walls, whoſe Mortar was almoſt as hard as the 
Stone itſelf. | af | . | 
la War indeed, Cannon is preferable to the ancient Battering Rams, 
for many Reaſons : ſome of which have been given in Led. 2d, N. g. and 
the 2d Annotation. And in thoſe Caſes we are to obſerve, that the 
Beſiegers ſhoot obliquely, chooſing rather to ſtrike the Walls obliquely 
from different Batteries, tho' with leſs Momentum, that the fecond Ball 
may beat down what the firſt has ſhak'd : This being more — 
I 


« Hinges by the Stroke; becauſe in the firſt Caſe, the Motion of the Ball 


is communicated but to a-few Parts of the Door, and in the laſt it is 
« diffus'd all over it. Nay, the Door will be mov'd by the Stroke, even 


© though there. ſhould be a prominent Part in the Lead no bigger than a 


< Piſtol Buller, in order to ſtrike the Door upon no more of its Surface, 
*;- this ith e 0547 3290 TA PTR Y FERC 21 


5. 032. Page 3 52. + ff Fluid will reſiſt ſometimes as much as a Solid, Kc.) 
Let us ſuppoſe a Piece of Wood, as a Plank one Inch thick, to be of 
the ſame ſpecifick Gravity as Water; and that Water of the ſame Thickneſs 


covers a Surface of Clay; and let us examine what will be the Effect of a 


Bullet ſtriking the Solid or the Fluid. Let us again ſuppoſe, that the 
Bullet ſtriking the Water with the Velocity 1, paſſes through it, over- 
coming by its Momentum the Reſiſtance as 1, which ariſes from the Denſity 
of the Water, and alſo another Reſiſtance as 1, which ariſes from its Tena- 


city. If the Bullet, with the ſame Velocity, ſtrikes the Wood, whoſe Re- 


ſiſtance from its Denſity is as 1, but whoſe Reſiſtance from the Tenacity is 
as 9; that is, whoſe whole Reſiſtance is 10; it is certain, that the Bullet 
cannot penetrate through the Wood with the Velocity 1, but it muſt have 
the Velocity ro, to overcome the Reſiſtance above-mentioned, © 
Now, if the Bullet, with the ſame Velocity 10, comes againſt the 
Water, it will meet with a Reſiſtance, as 100, on account of the Denſi- 


ty +, and alſo the Reſiſtance 10, on account of the Water's Tenacity , + L. 5. 35: 
that is, 110. Then if the Bullet with the ſame Velocity ſtrikes the Page 359 
Wood, and we ſuppoſe the Reſiſtance of the Wood, from its Quantity of 3515 


Matter, to increaſe as the Square of the Velocity, as it does in the Wa- 
ter (though it does not increaſe in ſo great a Proportion) the whole Re- 
ſiſtance of the Wood will be 190, that is, 100 from its Denſity, and 
90 from its Tenacity, Here the whole Reſiſtance of the Water, is to 
the whole Reſiſtance of the Wood, as 110 to 190, or as 11 to19. If the 
Velocity of the Bullet be doubled, that is, becomes 20, the whole Re- 
ſiſtance of the Water will be 400 +20=420; and the Reſiſtance of the 


Wood will be 400 + 180= 580 : Then will the Refiſtance of the Water 


be to that of the Wood, as 42 to 58, or 21 to 29, the Difference being 
now leſs than before. If the Velocity of the Bullet be 40, the Reſiſtance 
of the Water will be 1600 + 40= 1640, and that of the Wood 1600 4 360 
= 1960; and then the Reſiſtance of the Water will be to thar of the 
Wood, as 164 to 196, or 41 to 49, the Difference being ſtill leſs. There- 
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8 Artinotar. fore, as the Velocity of the Bullet. increaſes,” the Reſiſtance of the Water 


Lect. V. 


continually. comes nearer to tbat of the Wood. Now, if the Wood be leſs, 


denſe than the Water, the Reſiſtance of the Water (on increaſing the Velo 


city of the Bullet) will ſoon be greater than that of the Wood. Likewiſe, 
tho' the Wood be as denſe as the Water, if the Reſiſtance, on account of 
the Quantity of Matter, does not increaſe ſo faſt as it does in the Water 
(as 1 ſaid above, and Experience ſhews) by increaſing the Bullet's Velocity, 
tne Reſiſtance of the Water will ſoon overtake that of the Wood. The 
following Experiment has been made to confirm this Aſſertion. | 
A Sail was ſpread horizontally in a Pond about 24 Feet under the Sur- 
face of the Water, and a Muſket with a ſmall Charge being fir'd oblique- 
ly to the Surface of the Water, but perpendicularly to an half-inch Deal 
Board fix'd under the Water over the Sail, the Bullet went through the 
Board under the Water, and after that through the Sail-Cloth. The 
Experiment was made again with a greater Charge, and the Bullet ſtruck 
againſt the Board without going through it, making but a ſmall Impreſſon 
in the Board; yet its Roundneſs was alter'd more than the Reſiſtance of 
the Board ſeem'd likely to have caus'd, and therefore the Bruiſe in the Lead 
ght owing to the Reſiſtance of the Water. Upon increaſing} the 
Charge à third Time, the Ball fell upon the Sail without reaching the 
Board, and was much beaten out of ſhape. At Jaſt putting in a Charge 
pretty nearly equal to the Proof (that is, the Weight of Powder equal to 
the Weight of the Bullet) the Bullet was beaten to pieces upon the Sur- 
face of the Water. N. B. I cannct exatily tell in what Proportion the 
Charges were increas'd, becauſe I did not ſee the Experiment myſelf; but 1 
bad the Acceunt from Perſons of Credit that ſaw them. That the Reſiſt- 
ance of the Water was greater than that of the Wood appear'd by this, 
viz. that when the Shot was made againſt a Plank of 1+ Inch thick in the 
Air, the Bullet went through more and more eaſily, the more the Charge 
was increas'd. | 5 rye" Xa Pars | 5 ; 
This great Reſiſtance of Water is farther confirm'd, by an Accident 
that happen'd to my ſelt. . 1 | | 
Some Years ago, on a rejoicing Day, the Honourable Colonel Sammel 
Horſey, with ſeveral other Perſons, and myſelf, went out upon the 7 hames 
in a great Barge belonging to the Yintners Company, where we play'd 
off ſome Fire-works. It happen'd, that a Water-rocket (whoſe Property 
is to go under Water ſeveral times and rife again, and at laſt burſt an 
the Top of the Water) came vp, when it was ready to burſt, under the 
Stern of the Barge, being thereby prevented from coming up to the Sur- 
face of the Water, and burſting where it was, gave the Barge a great 
Shock, ſo as to give it a ſenſible Lift, which I plainly felt, being direct- 
ly over the Place, and wonder'd at the Force of ſo ſmall a Quantity of 
Powder, there being much leſs than an Ounce of Powder to make 
the Report. A little after, ſome Gentlemen and Ladies, being in ano- 
ther Barge, of leſs than half the Bigneſs of ours, came near us, and de- 
fired me to throw ſome of the Water-rockets between the two 2 
85 that 


* 


* 
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that they might the better obſerve their Motion. I threw ſeveral z but at 


laſt one of them in its laſt Riſe, ſtopping under the Middle of their Barge; 


i 


broke there, and made fo great a Hole in the Barge's Bottom, that there 
was only Time for the Company to get out of their Barge into ours, and the 
Watermen to row to Shore from the Middle of the Thames {at Mortlake, 
where it is but narrow) before the Barge was half full of Water. Becauſe 
in the Exploſion of the Powder, whoſe Velocity, in its Expanſion, is ex- 
ceedingly great, the Water reſiſted, like a Solid, and conſequently the Pow- 


der made its way through the Bottom of the Barge, whoſe Planks were leſs 
denſe than the Water, and not very thick. | 


After this, to try the Effe&t of the Exploſion of Gun-powder under 


Water; I loaded a Water-rocket, ſo that it ſhould break under the Water, 
and having ſet Fire to it, threw it into a Pond, that cover'd an Acre of 
Ground: And ſo great was the Shock, that ſeveral Perſons, who ſtood 
round the Pond, felt it like a momentan-ous Earthquake. | 


6. 1 39. Page 3 59. Sir Tſaac Newton has demonſtrated ir,&c.] 


Take Sir Iſaac Newion's two Demoaſtrations in his own Words. 


Book I. Sect. 2. ProrosITion I. ETHEOREM 1. 
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Fare WE Las a 


© The Areas, which revolving Bodies deſcribe by Radii, drawn to an immo- 


« veable Center of Force, do lie in the ſame immoveable Planes, and are propor- 
e tional to the Times in which they are deſcribd. [Plate 28. Fig. 9.] | 
For, ſuppoſe the Time to be divided into equal Parts; and in the firſt 
Part of that Time, let the Body by its innate Force deſcribe the right 
Line A B. In the ſecond Part of that Time,. the ſame would (by Law 
1.) if not hinder'd, proceed directly to c, along the Line Be equal to 


« AB; fo that by the Radii AS, BS, cS drawn to the Center, the 


equal Areas A SB, BSc, would be deſcribed. But when the Body is 
« arriv'd at B; ſuppoſe, that a centripetal Force acts at once with a 
« great Impulſe, and turning aſide the Body from the right Line Be, 
% compells it afterwards to continue its Motion along the right Line BC. 


Draw cC parallel to BS, meeting BC in C; and at the End of the ſe- 


« cond Part of the Time, the Body (by Cor. 1. of the Laws) will be 
« found in C, in the fame Plaue with the Triangle AS B. Join SC, 


and, becauſe SB and Ce are parallel, the Triangle SB C will be 


«« equal to the Triangle S Be, and therefore alſo to the Triangle S AB. 
By the like Argument, if the centripetal Force acts ſucceſſively, in 
«© C, D, E, Sc. and makes the Body in each ſingle Particle of Time, to 
« deſcribe the right Lines CD, DE, E F, Sc. they will all lie in the 
« ſame Plane; and the Triangle SC D will be equal to the Triangle 


« SBG, and SDE, ta SC D, and SEF toSDE. And therefore, in 
equal Times, equal Areas are deſcrib'd, in one immoveable Plane: And, 


e by Compoſition ; any Sums SA DS, SAFS, of thoſe Areas, are 
IX 6 : | 


Pl. 28. F. g. 


* one 
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Plate 28. 


0 Fig. 9. 


* 
* 


one to the other, as the Times in which they are deſcrib'd. Now, Jet 


the Number of thoſe Triangles be augmented, and their Breadth de di- 
miniſh*d in infinitum.; and (by Cor: 4. Lem. 3.) their ultimate Perime- 
ter ADF will be a curve Line; and therefore the centripetal Force by 
which the Body is perpetually drawn back from the Tangent of this 


Curve, will act continually; and any deſcrib'd Areas SADS, SAFS, 


which are always proportional to the Times of Deſcription, vill, in this 


| Cy alſo be proportional to thoſe Times. VN E. D. 


% Cor. 1. The Vplociey of a Body attracted G an immove ible 

Center, in Spaces void of Reſiſtance, is reciprocally as the Perpendicu- 
lar let fall from that Center on the right Line that touches the Orbit. For 
the Velocities in thoſe Places A, B, ©: D, E are as the Baſes A B. BE: 
CD, DE, EF, of equal Triangles; and thelc Baſes are reciprocally as as 


the Perpendiculars let fall upon them. 


&« Cor. 2. If tha Chords A B, BC of two Arcs, ſucceſſively deſcrib'd 
in equal Times, by the ſam: Body, in Spaces void of Reſiſtance, are 

compleated into a Parallelogram AB CV, and the Diagonal BV of this 
Parallelogram, in the Poſition which it ultimately acquires, -when thoſe 


Arcs are diminiſh'd in infinitum, is 1 both ways, it will 25 
through the Center of Force. 


* Cg If the Chords AB, BC, and DE, E F or Arcs deſcrib'd 
in equal Times, in Spaces void of Reſiftance, are compleated into the 
Parallelograms AB CV, DEF Z; the Forces in B and E, are one 
to the other in the ultimate Katio of the Diagonals B V, EZ, when 
thoſe Arcs are diminiſhed in infinitum. For the Motions BC and EF 
of the Body (by Cor. 1. of the Laws) are compounded of the Motions 
Bc, BV, and Ey, EZ; bur BV and EZ, which are equal to Ce and 
FF, in the Demonſtration of this Propoſition, were generated by the 
Impulſes of the centripetal Force in B and E, and are therefore propor- 
tional to thoſe Impulſes. 


«> Gr. 4. The Forces by which Bodies in Spaces void of Reſi 9 
are drawn back from rectilinear Motions, and turned into curvilinear 


Orbits, are one to another as the verſed Sines of Arcs deſcrib'd in equal 


Times; which verſed Sines tend to the Centre of Force, and biſſect the 


| Chords, when thoſe Arcs are diminiſhed to Tofinity : For ſuch verſed 


Sines are the Halves of the Diagonals mention'd in Cor. 3. 


« Cor. 5. And therefore thoſe Forces are to the Force of Gravity, as the 


*: ſaid verſed Sines to the verſed Sines perpendicular to the Horizon of thoſe 


„ parabolic Arcs, which Projectiles deſcribe in the ſame Time. 


„Cor. 
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« Cor. 6. And the ſame Things do all hold good (by Cor. g. of the Annotat. 
Laws) when the Planes in which the Bodies are mov'd, together with Lect. V. 


the Centers of Force which are placed in thoſe Planes, « are not at reſt, — 
but move uniformly forward in Na er Lines. 


88 Paorosi2 10 II. Tazoziie II. 


& Every Body, that moves in any curve Line deſcrib'd in a Plane, and 
by a Radius, drawn to 4 Punt, either immoveable, ur moving forward 
with an uniform refilinear M:tiom. deſcribes about that Point Areas pro- 
portional to the Times, is urged by a djs Force directed to that 


e E 


40 Caſe Iz For every Body, that moves in a Curve Line, is by 890 1.) 


turned aſide from its rectilinear Courſe, by the Action of ſome Force, 


that impels it. And that Force, by which the Body is turned off from 


from its rectilinear Courſe, and is made to deſcribe, in equal Times, the * rig. 9 28. 
equal leaſt Triangles S AB. SBC, SCD, Se. about the immoveable ** 

Point S (by Pop. 40. Book i. El. and Law 2.) acts in the Place B, ac- 
cording to the Direction of a Line parallel to cC, that is, in the Direc- 

tion of the Line BS; and in the Place C, according to the D. rection of 

a Line parallel to 4D, that is, in the Diretion of the Line CS, Sc. 


And therefore acts always i in che Direction of Lines tending to the i im- 
moveable Point S. Q, E. D, | 


* Caſe 2. And (by Cor 5. of the Laws) it is indifferent, whether the 


/ & 
1 ** 


Superficies in which a Body deſcribes a curvilinear Figure be quieſcent, 


or moves together with the Body, the Fan deſcrib'd, and its Point 8, 


uniformly forwa:ds.1 in right Lines. 


« Cor. 1. In non. reſiſting Spesen or Mediums, if the Areas are not pro- 


portional to the Times, the Forces are not directed to the Point in which 
the Radii meet; but deviate therefrom in conſequentia, or towards the 
Parts to which the Motion is directed, if the DION of the Areas is 


accelerated but! in e if retarded. 


% Cor. 2. And even in reſiſting Mediums, if the Deſcription of the 


Areas is accelerated, the Directions of the Forces deviate from the 


Point in which the Radi meet, towards the Parts to which the 0. 
tion tends. 


1 fie. 


«@ A Body may be urged by a centripetal Force compounded of ſeveral 
Forces. In which Caſe the Meani ing of the Prope ſitioa i ie, that the Force 
which reſults out of all, tends to the Point S, Sc. 


g . 
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on in theſe Words: Let us aſſume the mean Diſtance of 60 Semi- dia- 
meters in the CSyzypres; and ſuppoſe one Revolution of the Moon, in 
_< reſpect of the fix'd Stars, to be compleated in 27d. 7 h. 43 m. as 


8 will, in the Space of one Minute of Time, deſcribe in its Fall 


« Motion deſcribe at the Diſtance of 60 Semi-diameters of the Earth, is 


A Courſe of E xperimental Philoſophy. 


1 have contriv'd a Machine to repreſent this mechanically, where in 
little Braſs Ball repreſenting a Planet, moves in an Ellipſe about a Body 
repreſenting the Sun in one of the Foci of that eg . deſcribing, by a 
Radius velter, Areas proportional to the Time. N. B. 1 e give a Fi. 5 
gure and Deſcription of it at the End of this 7 e 


7 bat the centripetal Fe orce is the ſame as Gravity. 


Sir . Newton demonſtrates this in, the 4th Propoſition of the third 
Book ot his Principia. 3 


„ Prop. 4. THEOR. 4. 75 hat he Moon gravitates towards 4 Eartb; 


* and by the Force of Gravity is continually drawn off 5 a recti. near 2 | 
« tion, and retain'd inits Orbit. 


/ 
Sir Jfaac, having] given an Acrontic of the Moon' mean er ac- _ 
cofdleg to ſeveral Aſtronomers, in the Beginning of this Propoſition, goes 


« Aſtrcnomers have determined ; and the Circumference of the Earth to 
« amount to 123249600 Paris Fe eet, as the French have found by Menſu- 
© ration. And now, if we imagine the Moon, deprived of all Motion, 
<« to be let go, fo as to deſcend towards the Earth, with the Impulſe of 
« all that Force, by which (by Cor. Prep. 3.) it is retained in its Orb; 


« 15 Paris Feet. This we gather by a Calculus, founded either upon 
« Prep. 36. Book 1. or (which comes to the ſame Thing) upon Cor. . 
« Prop. 4. of the ſame Book. For the verſed Sine of that Arc, which 
« the Moon, in the Space of one Minute of Time, would by its mean 


wid nearly! 15 Vr Paris Feet, or_more accurately 15 Feet, 1 Inch, and 1 
e Line 3. Wherefore, ſince that Force, in approaching to the Earth, in- 
« creaſes in the reciprocal duplicate Proportion of the Diſtance, and, 
«© upon that account, at the Surface of the Earth, is 60 x 60 times great- 
e er than at the Moon; a Body in our Reg ons, falling with that 
„Force ought, in the Space of one Minute of Time, to deſcribe 
© 6Oox00X15 I's Paris Feet; and, in the Space of one Second of Time, 
© to deſcribe 15-7; of thoſe Feet; or more accurately, 15 Feet, i Inch, 
« and 1 Line 3. And with this very Force, we actually find, that Bo- 
„dies here upon Earth do really deſcend. For a Pendulum oſcillating 
& Seconds in the Latitude of Paris, will be three Paris Feet, and 8 Lines + 
e in Length, as Mr. Huygens has obſerv'd. And the Space, which an 
& heavy Body defcribes by falling in one Second of Time, is to half the 
Length of this Pendulum, in the duplicate Ratio of the Circumference 
of a Circle to its PRs (as Mr. Huygens has alſo ſhewn;) and is © for 
| fore 
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<«; which the Moon is retain'd in its Orbit, becomes, at the very Surface Lect. V. 
« of the Earth, equal to the Force of Gravity, which we obſerve in 
« heavy Bodies there. And therefore (by Rule 1. and 2.) the Force by - 
«. which the Moon is retained in its Orbit, is that very ſame Force, which 
« we commonly call Gravity. For, were Gravity another Force different 

„from that; then Bodies deſcending to the Earth, with the joint Impulſe 

of both Forces, would fall with a double Velocity, and in the Space of 
< one Second of Time, would deſcribe 304 Paris Feet; altogether againſt 
RR ü) oe | | 


O 


The Demonſtration of this Propoſition may be more diffuſely. ex- 
<« plained after the following manner: /Suppoſe ſeveral Moons to revolve 
„% about the Earth, as in the Syſtem of Jupiter or Saturn; the periodic 
« Times of theſe Moons (by the Argument of Induction) would obſerve the 
« ſame Law which Kepler found to obtain among the Planets; and there- 
« fore their centriperal Forces would be reciprocally as the Squares of the 
* Diſtances from the Center of the Earth, by Prop. 1. of this Book. Now, 
« if the loweſt of theſe was very ſmall, and was ſo near the Earth, as 
<« almoſt to touch the Tops of the higheſt Mountains; the centripetal 
« Force thereof, retaining in its Orb, would be very nearly equal to 
« the Weights of any terreſtrial Bodies, that ſhould be found upon the 
« Tops of thoſe Mountains, as may be known by the fore ing Computa- 
« tion. Therefore, if the ſame little Moon ſhould be deferted by its cen- 
« trifugal Force, that carries it through its Orbit, and ſo be diſabled 
from going onwards therein, it would deſcend to the Earth; and that 
« with — ſame Velocity as heavy Bodies do actually fall with, upon the 
«« Tops of thoſe very Mountains; becauſe of the Equality of the Forces 
that oblige them both to deſcend. And, if the Force by which that 
« loweſt Moon would deſcend, were different from Gravity; andif that 
«<< Moon were to gravitate towards the Earth, as we find terreſtrial Bodies 
« do upon the Tops of Mountains, it would then deſcend. with twice the 
« Velocity, as being impelled by both theſe Forces conſpiring together. 
«© Therefore, ſince both thoſe Forces, that is, the Gravity of heavy Badies, 
« and the ceatripetal Forces of the Moons, reſpect the Center of the Earth, 
<< and are ſimilar and equal between themſelves, they will (by Rule 23. . 
«« and 2.) Þ have one and the ſame Cauſe, And therefore the Force, which + See the B. 
<< retains the Moon in its Orbit, is that very Force which we commonly inning of Sir 
«© call Gravity; becauſe, otherwiſe, this little Moon at the top of a lfaac's third 
« Mountain, muſt either be without Gravity, or fall twice as ſwiftly as Bool. 
„heavy Bodies uſed to do. 


7. [40. Page 361, 362. Since the Angles, 8&c.——only decreaſe half 
way from A to P, &c. And the Angles, oC ly increaſe half way from 
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. as Kc. . 'T his will be made evident ws proving, .that the hy FERN 
by a Line drawn from either of the Foci, to any Point in the Periphery of 
an Ellipſe; and the Fangent to the Curve in that Point, will be the leaſt 
poſſible, or at its Minimum, when that Point is at either of the Ends of 


the leſſar Axis; this is, SHT“ is leſs than 8 Ir. And __ we. e ſhall prove 
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1 every SOS N inſcribed i in a "Circle, 22 * 17 17'S two 
Refangles form'd by the oppeſite Sides, are equal to the Rectangle form d by the 
Iwo Diagonals of that quadriluteral Figure. 

This is a known Property of the Circle, and has been n demonſtrated by 
Ptolemy, Api 70 3 that! is, AT xDE+BCx AD Ales AB ITT | 


a7 OPT OF 2 Ie lie Sil: 1a llt bonts! 


en LE MMA fy ape 


F an e 4 Circle be 424% into tina equal; PR into YER Ry Parts; 

1 ſay,.. that the Sum e 171 the Chords of the two equal Arcs, will always: 77 *greater 
bords. * two wnequal. As., , That is, F the Arc A 

CRB 5s divided into two equ ry Fa r 12 and 2 unequal Parts at K; 'A 
C+CB is greater than A K 

Ia order to 180 this; A and the Center k, 2 the Diameter 
CD, and the Diagonals and Chords AB, DK, Ab, BD. It is evi- 
dent (by the zd and 29th of, the 3d, of, Eucl. }Y.A = B P, and they may 
be ſubſfituted for one another. oy ks, evident. alſo, that DK. will always 
be leſs $ than CD. (by, uc | f of che 3d.) Now by the laſt Lemma 
AK x DB+KB>AD =AB — now ; .lince- DK has been ,prov'd 
leſs then DC, it muſt mult follow, that ABxDC is greater; than AB x DK, 


thetefore ACxDB+B Cx AÞD'is greater than AK*xDB+KBxAD; 
and ſince the Factors DB and AD ate N it muſt follows __ 
AC+CB. is greater than AKA KB. i 

Let a'Cirele in Fig. 10. be deſcrib'd' — Sn ah PointsS, H, 5. "tis 
evident (by £u#; 2xf&of the 3d) that the Angle S H and S Ms, are equal; 
and ꝛ'tis evident by the 2d Lemma, that SH + Hs, is greater than SM Ms. 
Now by the Property of the Ellipſe SI +Is is always equal to SH +Hs, 
being always equal to AP; it muſt therefore follow, that SI+1s is 
greater than SM + Ms: whenee it appears, that the Point I is out of 
the Circle SHM s, and therefore the Angle STIs is lefs than SM, or its 
equal SHs. Now by the Property of the Ellipſe demonſtrated in all the 
Conick Writers (vide Elemenia Conicorum Lud. Trevigar. Lib. 2. Prop. 10.) 


the Angless | g and S 17 are equal, and 5H is equal to SH T; there- 


fore fince 518 is leſs than 5H 8, it muſt follow, that SI, is greater 
than SHT; and what has been prov'd of I, may be prov'd of the Point 
F, or any other Point in the Semi- ellipſe AHP; delten * Truth of 
the Propoſition advanced is demonſtrated. N 


bo 142. 
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F'* 42. Kela Comet — are Planbts ts moving in very ' ExcentFick Angotat. a 


o &.] One may have a full Account of Comets, and their Mot Lect. V. 
tions, in Dr. Halley's: Treatiſe of Comets, which was Belt iateck by its — 
ſelf, and then r e at the End of the Eng lis arne Pr. 
| Gregory's Aſttonomy'; as Alf6 in Sir Jane Wehe 3d Book ef his Prin- 
cipia, from the "Beg inning of the 30 rh PPop. "Ho the End of the 42d 
where his general Scholium begins. The Reader may be fully Catizfied 
about Comets by confulting thoſe Authors. However, it may not be im: 
| proper to give a mort Account of them here, "up wy of Abſtract: 
* i nine i 38465 
coMET 8 are a Sort erckrkertfek SY hoe. in 5 
— Ellipſes about the Sun in one of the Foci of thoſe Ellipſes; hoſe 
riodical Revolutions take up ſuch a long Space of Time, chat the ſame 
Man has never yet ſeen the ſame Comet twice. So that che Aſtronomy 
of Comets is but lately brought to any tolerable Perfection, for want of 
a ſufficient Number of Obſervations : And the Accounts we have of 
chain? in former Ages, are from -Hiſtotians, and not Aſtroenomers: which 
Jaſt, while they took pains to obſerve the Planets and fix'd Stars, neglect- 
ed ſuch Comets as appeared in their Times, being carried away with the 
Opinion, that they were only Meteors near the Earth, and not to be ree- 8 
koned among the celeſtial Bodies. But in the laſt Age, Comets were firſt 
found to be higher than the Moon, and conſequently to belong to the 
heavenly Bodies; and for about 70 Years laſt paſt, Aſtronomers have been 
very diligent m obſerving! ſuch as have appear d. Sir Jaac Newton, from 
his own Obſervations,” and thoſe of others, has given a Method how, 
from only three Obſervations bf a Comet, made at different Times; to 
find out all that Part of its Orbit, in which it will continue viſible to us; 
and Dr. Halley has firſt ſhewn, that the ſame Comet returns again after a 
certain Number of Years, and that the whole Orbit is elliptical. From 
Aſtronomers and Hiſtorians, we are inform'd of 25 Appearances of Co- 
mets within theſe laſt 400 Tears, tho? the Comets belonging to our Sy- 
ſtem may be fewer in Number; becauſe the ſame Comets have been ſeen 
ſeveral times, but were not known to be the ſame, till Dr. Halley ſhew'd it, 
and ſettled the Orbits of three of them; making out, that the Comet ſeen in 
1661 had been ſeen before, and obſerv*d to go the ſame Way, in the Year 
1532; Which makes its Period to be of 129 Years. ' The Comet ſeen in 
the Year' 1680 and 168r, appear'd before in the Year 1106, ſo that its 
Period is about 575 Years. Laftly, The Comet of 1682 appeared in the 
Year 1607 and 1531, which ſhews its Period to conſiſt of 74 Years. S0 
hy: the Number of the Comets which have been ſeen will be reduced to 
And if, according to Mr: Whiftor's' Conjectures, the Comet of 1682, 
ar'd alſo | in 1456; and that of r681 in 522, as alſo 44 Years before 
the Chriſtian Ara, as Sir Iſaac Newton and Dri Halley have ſince diſco- 
ver'd, the Number will not be increas'd, ſince thoſe Periods are before 
the Time of the firſt of the 25. But yet we cannot ſay, there are but 
22, becauſe ſeveral of them may have been at ſuch a diſtance "_ — | 
1112 5 art 
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Earth, as to have eſcap'd Obſervation; as the laſt might have done, if 
the Right Honourable: the Lord Paizley had not diſcovered the laſt by 
chance in the Year 1723, and given notice of it to other Aſtronomers, that 
they might alſo obſerve it. FT 
The Comets are reckon d not to be leſs than the Moon, nor much big - 
er than Venus; and thoſe are the leaſt, which come neareſt to the Sun, 
oſt they ſhould agitate the Sun too much, as they come by it at their Pe- 
ribelion, and likewiſe diſturb thoſe Planets which are near the Sun. That 
they are not very large appears, becauſe they are not viſible till they come 
nearer to us than Jupiters Orbit; for as they are opake Bodies, that re- 


flect Light from the Sun, they muſt have been ſeen as far as Saturn, if they 


— VVA; 505 0 eng i ae... ; E 

Whereas all the Planets have the Planes of their Orbits in, or near, the 
Plane of the Ecliptick, the moſt inclin'd making an Angle but of few 
Degrees; the Comets have their Orbits inclin'd to the Ecliptick in very 
great Angles, moving towards all. Parts of the Heavens; and by that 
means are leſs liable to diſturb the Planets, becauſe they come but twice in 
one Revolution into the Plane of the. Ecliptick, and when they are at 
their Apbelia, very diſtant from the Sun, they are alſo. very diſtant from 
each other, and thereby not ſo ſubject to attract each other with ſufficient 
Force to diſturb one another's Orbits ſenſibly; for when they move very 


flowly at their Aphelia, they are eaſily drawn out of their uſual Courſe. 


Comets are conſiderably rarer than the Planets ; for if they were as ſo- 
lid, they would not have thoſe Tails, which are obſervable, as they come 
near enough to be warmed by the Sun, with a Degree of Heat, ſome- 
thing leſs than that of the Planet Mars: Thoſe Tails being Vapours rais'd 
from their Nucleus, or Globe, ſo as to make a very large Atmoſphere, 
whoſe Particles being thrown off. on that Side, which is oppoſite to the 


Sun, give that Appearance, which is call'd a Tail, when we ſee it at right 


Angles, or at any great Angle; a Beard, when we ſee it obliquely, and a Co- 


ma or Hairineſs, when we ſee it with ſo great an Obliquity, as to be almoſt 


Room; fo is the Light of the Sun beam reflected to us from the Parti- 


in the Line of its Axis, ſo that the Vapour appears to encompaſs the Comet 
like a Periwig, or Head of Hair. And theſe three Appearances are owing to 
the different Poſitions of the Earth in reſpe& to the Comet; for a Tail of 
the ſame Bigneſs varies optically according to the Poſition of the Eye, 
But then the Tail itſelf is continually changing; for often the Comet 
begins to appear without any ſenſible Tail, and by degrees the Tail is ge- 
nerated, and increaſes continually, as the Comet comes nearer to the Sun, 
and is the biggeſt of all when the Comet is juſt paſt the Peribelion, having 
then receiv'd its greateſt Degree of Heat. 5 

If the celeſtial Spaces, in which the Comets move, were not void of 
Matter, we could not ſee their Tails, becauſe they are abundantly rarer 
than our Air, ſince one may plainly ſee the fix'd Stars through them. As 
we ſee the Light of the Sun reflected from thoſe Particles that float about 
in the Air, when a Sun-beam of 1 or 2 Inches wide is let into a dark 


cles 


of Coarſe of Experimental Philoſophy. 4429 


cles of the Tails of Comets; becauſe there is no other ſenſible Matter near Annotat. 
| them: For if there was a celeſtial Matter about them, tho* 50000 times Le&. v. 
rarer than our Air, it would reflect Light enough to confound that re 

flected from the Tail of the Comet in one undiſtinguiſh'd Glare: So that ED 

Comets would not appear to have any Tails at all; vr, at molt, but very 

ſmall ones. f 3 Hp" | = 

The Particles or Vapours, that form the Tail, ſeem to be at ficſt dart- 

ed every way from the Comet; but on that Side, which is towards the 

Sun, they turn back again e e Lines, ſo as to go on the contrary 

way, and to help to increaſe the Tail on the Side oppoſite to the Sun, 

as if the Sun's Rays gave them an Impulſe, and drove them that way. : 

The 12th Figure of Plate 28, repreſents a Comet, and the lower Part of Pl. 28, F. 12. 

its Tail, as Dr. Hook carefully obſerv'd it through a Teleſcope near its Pe- 

ribelion, with the purer Part of its Atmoſphere, winding itſelf into the 

Tail, and the cloudy Part of it plac'd round about the central Solid. But, 

as the Comet of 1680 and 1681 was the moſt remarkable, and molt nicely 

obſerved by Sir J/aac Newton, and many other Aſtronomers; it will be 

ſuſficient to give an account of that, and the Figure of that Part of its 

Orbit, wherein it was viſible to us, ſuch as Sir Jaac Newton has given it in 

the laſt Edition of his Principia. And, as I can't give his Senſe better 

than in his own Words, I ſhall cake the liberty to make uſe of them. 
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I have given (Pl. 28. Fig. 13.) a true Repreſentation of the Orbit, Pl. 28. F. 13. 
« which this Comet deſcrib'd, and of the Tail which it emitted in ſeve- 
« ral Places, in the annexed Figure; protracted in the Plane of the Tra- 
« jectory. In this Scheme ABC repreſents the Trajectory of the Co- 
« met, D the Sun, DE the Axis of the Trajectory, DE the Line of 
c the Nodes, G H the Interſection of the Sphere of the Orbit of the 
„ Earth, with the Plane of the Trajectory, I the Place of the Comet, 
« Nov. 4. Anno 1680. K the Place of the ſame, Nov. 11. L the Place 

„ of the ſame. Nov. 19. M its Place, Dec. 12. N its Place, Dec. 21. 
„O its Place, Dec. 29. P its Place Jan. 5, following. Q its Place, 
« Jan. 25. R its Place Feb. 5. 8 its Place, Feb. 25. J its Place, March 
« 5. And V its Place, March 9. In determining the Length of the 
„ Tail I made the following Obſervation. 

„Nov. 4. and 6. The Tail did not appear; Nov. 11. the Tail juſt be- 
« pan to ſhow itſelf, but did not appear above half a deg. long, through 
« a 10 Foot Teleſcope ; Nov. 17. the Tail was ſeen by Pontheus more 
<« than 15 deg. long, &c. rg” 


Then Sir Iſaac proceeds, in giving an Account of ſeveral Perſons, as 
well as himſelf, who obſerv'd the Tail, and all its Changes, in Increaſe 
and Decreaſe, as it appear'd to them in ſeveral Countries; and at laſt he 
goes on thus. | | 

. | « Feb. 25. 


Annotat. 
Lect. V. 
— 


* Ne 1> 5. the Comet was without” Aa Tail, and fo it continued till it 


diſappear'd. 


Now, if one reflects upon the Orbit geſcrib'd 104 duly nner 


4 


84 


the other Appearances of this Comet, he will be eaſily ſatisfied,” that 
the Bodies of Comets are ſolid, compact, fix'd, and durable; Icke the 


Bodies of the Planets. For, if they were nothing elſe but the Vapours 


of Exhalations of the Earth, of the Sun, and other Planets; this 
Comet in its Paſſage by the Neighbourhood of the Sun, would have 
been immediately diſſipated. For the Heat of the Sun is as the Den- 
 firy of its Rays: that is, . as the Square of the Diſtances of 
the Places from the Sun. Ther 

Comet Was in its Peribelion, the Diſtance thereof from the Center of 


ore, ſince on Dec. 8. when the 


the Sun, was to the Piſtance of the Earth from the ſame, as about 6 
to looo; the Sun's Heat on the Comet was at that time to the Heat 
of the Summer's Sun with us, as 1000000 to 36, or as 28000 to 


1. But the Heat of boiling Water is about 3 times greater than the 


Heat, which dry Earth acquires from the Summer-Sun, as 1 have 
try'd; and the Heat of red-hot Iron (if my Conjecture is right) is about 
three or 4 times greater than the Heat of boiling Water. And therefore 


the Heat which dry Earth on the Comet, while in its Peribelion, 


might have conceived from the Rays of the Sun, was about 2000 times 
greater than the Heat of red hot Iron. But by ſo fierce a Heat, 
Vapours and Exhalations, and every volatile Maner, muſt have been 


immediately conſum'd and diſſipated. 
« This Comet, therefore, muſt have cohérte d an Kamen Eobt from 
the Sun, and retain that Heat for an exceeding long Time. For a 


Globe of Iron of an Inch diameter, expos'd red-hot to the open Air, 
will ſcarcely loſe its Heat in an Hour's time; but a greater Globe 
would retain its Heat longer in Proportion of its Diameter, becauſe the 
Sorface (in Proportion to which it is cool'd by the Contract of the am- 


bient Air) is in this Proportion leſs, in reſpect of the Quantity of 


the included hot Matter. And therefore a Globe of red- hot Iron, 
equal to our Earth, this is about 40000000 Feet in Diameter, would 
ſcarcely cool in an equal Number of Days, or in above 50000 Years. 
But I ſuſpect, that the Duration of Heat may, on account of ſome 
latent Cauſes, increaſe in a yet lefs Proportion, than that of the Dia- 
meter; and1 ſhould be glad, that the true Freetz was inveſtigated 
by Experiments. 3 
« It is further to be obſerv'd, that the Comet in the Month of De- 
cember, juſt after it had been heated by the Sun, did emit a much 
longer Tail, and much more ſplendid, than in the Month of November 
betore, when it had not yet arriv'd at its Peribelion. And univerſally, 
the greateſt and moft fulgent Tails always ariſe from Comets, imme- 
diately after their paſſing by the Neighbourhood of the Sun. There 
fore the Heat receiv'd by the Comet, conduces to the Greatneſs of the 
Tail. From whence, I think, I may infer, that the Tail is 2 
4 464 elle 


«elſe but a very fine Vapour, which the Head, or Nucleus of the Comet Annotat. 
<<. emits by its Heat, Tc. wt 5 5 [ * 42or1 1 F a e 8 J * . 5 8 Lect. 5 8 


After this, our incomparable Author gives an Account of three ſeveral 
Opinions concerning the Tails, of Comets; and having refuted two of 
them, goes on to prove the third (Which is alſo his own) in theſe 
Words—— _ 6 EE: ens ON 
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That the Tails of Comets do ariſe from their Heads, and tend to- 
« wards the Parts oppoſite to the Sun, is further confirm'd from the 
% Laws, which the Tails, obſerve, As, that lying in the Planes of the 
„ Comets Orbits, which pals, through the Sun, they conſtantly deviate: 
from the Oppoſition af the Sun towards the Parts, which the Comets 
<< Heads ih their Progreſs along theſe Orbiis have leſt. That to a Spec 
„ tator, placed in thoſe Planes, they appear in the Parts directly appdfite 
© to the Sun; but as the Spectator recedes from theſe Planes, their De- 
<«« viation begins to appear, and daily becomes greater. That the Devi- 
<< ation, cæteris paribus, appears leſs, When the Tail is more oblique to 
<< the Orbit of the Comet, as_well;as when the Head of the Comet ap- 
<< proaches' nearer to the Sun; eſpecially, if the Angle of Deviation 18 
<. eſtimated nearer the Head of the Comet. That the Tails, which have 
no Deviation, appear ſtrait; but the Tails which deviate, are likewiſe 
©. bent into a certain Curvature. That the Curvature is greater, when 
< the Deviation is greater; and is more ſenſible, when the Tail, cæteris 
<« paribus, is longer: For in the ſhorter Tails, the Curvature is hardly to 
ebe perceiv'd. That the Angle of Deviation is leſs near the Comet's 
Head, but greater towards the other End of the Tail; and that, be- 
cauſe the convex Side of the Tail regards the Parts, from which the De- 
© viation is made, and which lie in à right Line, drawn out infinitely 
<« from the Sun, through the Comet's Head. And that the Tails, that 
© are long and broad, and ſhine with a ſtronger Light, appear more re- 
„ ſplendent, and more exactly defin'd on the convex: than on the cogcave 
„ Side: Upon which accounts, it is plain, that the Phenomena of the 
* Tails of Comets depend upon the Motions of their Heads, and by no 
„ means upon the Places in the Heavens in which their Heads are ſeen 3 
© and, that therefore the Tails: of Comets do not proceed from the Re- 
fraction of the Heavens, but from their own Heads, which furniſh the 
6 Matter that forms the Tail. For as, in our Air, the Smoke of a heated 
<« Body aſcends, either perpendiculatly, if the Body is at Reſt, or oblique- 
4 ly, if the Body is moved obliquely; ſo in the Heavens, where all Bodies 
<« gravitate towards the Sun, Smoke and Vapours muſt (as we have already 
% ſaid) aſcend from the Sun, and either riſe perpendicularly, if the ſmoak- 
% ing Body is at reſt; or obliquely, if the Body in all the Progreſs of 
cc its Motion, is always leaving thoſe Places, from which the upper or 
* higher Parts of the Vapour had riſen before. And that Obliquity will 
be leaſt, where the Vapour aſcends with: moſt Velocity, to wit, near the 
55 - 1 | « {moaking 
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<«< ſmoaking Body, when that is near the Sun. But becauſe the Obliquity c 
% yaries, the Column of Vapour will be incurvated; and, becauſe the Va- 
pour in the preceding Side, is ſomething more recent, that is, has aſ- 


« cended ſomething more late from the Body, it will therefore be ſome- 


<« thing more denſe on that Side, and muſt on that account reflect more 
Light, as well as be better defin eu 


Then Sir Iſaac, ſhewing how very rare our Air muſt be at the Diſtance 
of one Semi-diameter of the Earth from its Surface ; makes uſe of it, 
as an Argument, to ſhew, that a very ſmall Quantity of Air and Vapour 
is abundantly ſufficient to produce all the Appearances of the Tails of Co- 


mets. Then goes on ſhewing—* That we may pretty nearly determine 


„ the Time ſpent during the Aſcent of the Vapour from the Comet's 
„ Head, to the Extremity of the Tail, by drawing a right Line from 
© the Extremity of the Tail to the Sun, and marking the Place where 
<« that right Line interſects the Comet's Orbit. For the Vapour, that is 
„% now in the Extremity of the Tail, if it has aſcended in a right Line 


from the Sun, muſt have begun to riſe from the Head, at the Time 


de the Read was in the Point of InterſeQion. ' It is true, the Vapour - 


does not riſe in a right Line from the Sun, but retaining the Motion, 


7 


which it had from the Comet before its Aſcent, and compounding that 
Motion with its Motion of Aſcent, ariſes obliquely. And, therefore, 
« the Solution of the Problem will be more exact, if we draw the Line, 


_ «+ which interſects the Orbit, parallel to the Length of the Tail; or rather 


« (becauſe of the curvilinear Motion of the Comet) diverging a little from 
« the Line or Length of the Tail. And by means of this Principle I fonnd 
« that the Vapour, which Jan. 25. was in the Extremity of the Tail, 
« had begun to rife from the Head before Dec. 11. and therefore had 
« ſpent in its whole Aſcent 45 Days; but that the whole Tail, which 
« appear'd on Dec. 10. had finiſh'd its Aſcent in the ſpace of the two 
« Days then elapſed from the Time of the Comet's being in its Peribelion. 
The Vapour, therefore, about the Beginning, and the Neighbour- 
% hood of the Sun, roſe with the greateſt Velocity, and afterwards con- 
tinu'd to aſcend with a Motion conſtantly retarded by its own Gravity; 
and the higher it aſcended, the more it added to the Length of the 
„Tail. And while the Tail continu'd to be ſeen, ic was made up of 


e almoſt all that Vapour, which had riſen ſince the Time of the Comet's 


« being in its Peribelion; nor did that Part of the Vapour, which had 
« riſen firſt, and which form'd that Extremity of the Tail, ceaſe to ap- 

pear, till its too great Diſtance, as well from the Sun, from which it re- 
ceiv'd its Light, as from our Eyes, render'd it inviſible. Wheace alſo 
it is, that the Tails of other Comets, which are ſhort, do not riſe 
„ from their Heads, with a ſwift and continual Motion, and ſoon after 
„ diſappzar ; but are permanent and laſting Columns of Vapours and Ex- 

halations; which aſcending from the Heads with a flow Motion of ma- 


* ny Days, and * of the Motion of the Heads, which they had 


« from 


* 
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© from the Beginning, continue to go along together with them through Annotat. 
the Heavens. From whence again, we have another Argument proving LEE; * 
«the celeſtial Spaces io be free and without Reſiſtance; fince in them,. 
«not only the tolid Bodies of the Planets and Comets, but alſo the ex 
« tremely rare Vapours of Comets Tails, maintain their rapid Motions 


wich great Freedom, and for an excecding long Time!” 


Then after having ſhewn, why the Tails of Comets, when they are ve. 
ry near the Sun, riſe to ſuch prodigious Heights from their Heads, and 
yer do not quit the Heads in the Motion of the Comets; he. goes 
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e The Tails, therefore, that riſe in the Perihelion Poſitions of the Co- 
«© mets, will go along with their Heads into far remote Parts, and toge- 
% ther with the Heads will either return again from thence to us, after 
«Ka long Courſe of Years;, or rather, will be. there rarified, and by de- 
« grees quite vaniſh away. For afterwards, in the Deſcent of the Heads 
+ „ towards the Sun, new ſhort Tails will be emitted from the Heads with 
« a flow Motion; and thoſe Tails by degrees will be augmented im- 
«+ menſely, eſpecially in ſuch Comets as in their Perihelion Diſtances de- 
« ſcend as low as the Sun's Atmoſphere. For all Vapour in thoſe free 
« Spaces, is in a perpetual State of Rarifaction and Dilatation. And 
* from hence it is, that the Tails of all Comets are broader at their up- 
„per Extremity, than near their Heads. And it is not unlikely, but 
„ that the Vapout, thus perperually rarify'd and dilated, may be at laſt 
<« diffipated,. and ſcatter'd through the whole Heavens, and by little and 
« little be attracted towards the Planets, by its Gravity, and mid with 
„their Atmoſphere. For, as the Seas are abſolutely neceffary to the Con- 
& ſtitution of our Earth, that from them the Sun, by its Heat, may ex- 
4e hale a ſufficient Quantity of N which being gathered together 
„into Clouds, may drop down in Rain, for watering of the Earth, and 
1 for the Production and Nouriſhment of Vegetables ;. or being conden- 
* ſed with Cold on the Tops of Mountains (as ſome Philofophers with 
*« Reaſon judge) may run down in Springs and Rivers; fo for the Conſer- 
<« vation of the Seas, and Fluids of the Planets, Comets ſeem to be re- 
de quir'd, that from their Exhalations and Vapours condens'd, the Waſtes 
« of the Planetary Fluids, ſpent upon Vegetation and Putrefaction, and 
t converted into dry Earth, may be continually ſupplied and made un. 
« For all Vegetables entirely derive their Growth from Fluids, and after + | 
ee wards in great meaſure are turn'd into dry Earth by Putrifaction, and 
« a Sort of Slime is always found to ſettle at the Bottom of putrified 
„ Fluids. And hence it is, that the Bulk of the ſolid Earth is conti- 
e nually increaſed, and the Fluids, if they are not ſupply'd from without, 
„ muſt be in a continual Decreaſe, and quite fail at Jaſt. I ſuſpect more- 
„ over that 'tis chiefly from the Comets that Spirit comes, which is in- 
OL be a | K k k | 6 ceed 


/ 


454 


. | Angotat. 
Leck. N. 


0 * 5 ſmalleſt, bot hs ban ſubtil and uſeful Part ir our ir, and 
« ſo much requir'd to ſuſtain the Life of all things with us. | 
© The Atmoſpheres of Comets, in their Deſcent towards the I by | 
« running out into the Tails, are ſpent and diminiſh'd, and become nar- 
"rower, at leaſt on that Side, which regards the Sun; and in receding 
from the Sun, when they leſs run out into the Tails, they, are again 
« enlarged, if Hevelius has juſtly mark'd their Appearances. But they 
are ſeen leaſt of all, juſt after they have been moſt heated by the Sun, and 
on that account then emit the longeſt and moſt reſplendent Tails, and 
perhaps at the ſame time the Nuclei are environ'd with a denſer and 
blacker Smoak, in the lowermoſt Parts of their Atmoſphere. For 
Smoke, that is raiſed by a great and intenſe Heat, is commonly the 
« denſer and blacker; thus the Head of that Comet, which we have 
been deſcribing, at equal Diſtances both from the Sun and from the 
<« Earth, appear'd darker after it had paſs'd by its Peribelion, than it did 
oe before. For in the Month of December it was commonly compat'd with 
e the Stars of the third Magnitude; but in November, with thoſe of the 
« firſt or ſecond. And ſuch as ſaw both Appearances, have e In 
« firſt, as of another and greater Comet than the Second.“ 


Sir Tſaac confirms this, by ig Obſervations of freed + FPS 20651 a 
then gives a Problem concerning a Comet's Trajectory (to which, and all 
that we have omitted of his on that Subject, I refer the mathematical 
Reader) and ſeveral Tables of Obſervations of Comets Places 3 and at ja 
he ſpeaks in general of Comets in the following Words : 
\« Becauſe of the great Number of Comets, of the great Diſtance of 
&« their Aphelia from the Sun, and of the Slownels of Motions in the 
Apbelia, they will by their mutual Gravitations, diſturb each other: So 
that their Excentricities, and the Times of their Revolutions will be 
ſometimes a little increaſed, and ſometimes diminiſhed. Therefore we 
are not to expect, that the ſame Comet will return exactly in the ſame 
« Orbit, and in the ſame periodick Times. It will be ſufficient, if we 

find the Changes no greater, than may ariſe from the cauſes ae a Pen 
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« And hence a Reaſon may be afgn'd, why Comets are not compre- 
hended within the Limits of a Zodiack as the Planets are; but being 
confin'd to no Bounds, are with various Motions diſperſed all over the 
Heavens; namely to this Purpoſe, that in their Aphelia, where their 
Motions are exceeding flow, receding to greater Diſtances one from 
another, they may ſuffer leſs Diſturbance from their mutual Gravita- 
e tions. And hence it is, that the Comets, which deſcend the loweſt, 

and therefore move the WR) in their Apbelia, aught alſo to aſcend the 
« higheſt, | | 
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. leſs diſtant from the Sun, than by a ſixth Part 
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with equal Forces. But if they be divided into two unequal Parts, viz. 


w4 { Courſe of Experimental Philoſophy. 43 5 F N 


he 8 which appeared in the Year 1680, was in its Peribelion, Annotat. 
of the Sun's Diameter; Lect. V. 


and becauſe of its extreme Velocity in that Proximity to the Sun, and _—_— 
ſome Denſity of the Sun's Atmoſphere, ir muſt have ſuffer'd ſome Re- 
ſiſtance and Retardation; and therefore, being attracted ſomething near- 
er to the Sun in every Revokinich.- will at laſt fall down upon the Body. 
« of the Sun. Nay, in its Apbelion, where it moves the loweſt, it may 
ſometimes happen to be yet farther retarded by the Attractions of other 
Comets, and in conſequence of this Retardation deſcend to the Sun. So 
fixed Stars, that have been gradually waſted by the Light and Vapours 
emitted from them for a long time, may be recruited by Comets that 
fall upon them, and from this freſh Supply of new Fuel, thoſe old 
Stars acquiring new: Splendor, may paſs for new Stars. Of this kind 
are ſuch fix'd Stars as appear on a ſudden” and ſhine with a wonderful 
* Brightneſs at firſt, and afterwards vaniſh. et little and ee.” 
Po | 
9. [46. Page 367. Aion and Re- 100 are equal and ein as "well 
in ke Repulſions as Attractions.] So the Gravitation betwixt the Earth and 
its Parts, is equal; for if we ſuppoſe the Earth FEHIK * to be divided *p1. 28.F.14. 
into two equal parts, it is evident, that thoſe Parts would come together 


<< 


3 
. 


vc 


EFG and EIG by a Plane as EG; they will then alſo gravitate, or 

preſs towards one another with equal Forces (ſee Le#. 1. Nv II.) for if L. 1. No 12: 
we cut off from the Part E1G, the ſmaller Part HIK equal to EFG; 

then will the greater Part EG HK, become the Obſtacle, upon which the 

two equal Quantities of Matter EF G and HIK do preſs, whilſt itſelf 

remains in Aquilibrio between them. If we were to ſuppoſe EEG to be 'ſe- 

parated from E IG, in their Tendency towards each other by their Gra- a Fl 
vity, che litle one would move ſo much faſter towards the great one, as * iN 
it has leſs Matter than the great one; fo that the Momentum being equal in 
both, they will at meeting come to Reſt, deſtroying each other's Motion. 


For if the great one had more F _ it Were go 7 in r infinitum, carrying 
E * 55 Wen it in cee IF. 


7 Je Sea o daran the La of Action and Re- action, 7 think it may 


not be impropers 40 ve my amy the melee. ee communicated to me 
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7 0 654 what ; is the Force wich mhich the Breeeh If a dai is aBted u upon, 
as it ſhoots out a 24 lib. Ball. 


; acorn to Merſenus, a 24 . weighing 6400 lib. it gives its 
Ball an uniform Velocity of 600 Paris Feet in a Second, which makes 
640 Engliſh Feet. Nun let the Weight of the Cannon be called =c= 


K K K 2 6400 lib. 


A 
Le. V. 


* * * 
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6400 Eh . Weight of: the Salim batter and the uniform Velocity, 


Vhich the Powder gives it=V.= 640 Feet in a Second, the Velocity of 


the Cannon zu. The Momenta of the Cannon, and the Ball given by the 
ſame Force of Powder, will be equal; therefore c a=6 V; conſequently, 


| 6400: 24 :: 640: 2, 42 = the Velocity of the Cannon, X it recoil'd on 


an horizontal Plane perfectly ſmooth. But if the Cannon cannot reco:]; the 
Force of the Powder acting but by way of Preſſure, will give the Cannon 
a. Shock, with a Force as 15639 = 6400 * 24. Therefore, when the 
Cannon recoils, Part of the Force of the Powder is employ'd in giving it 
4 Velocity of 2,4 Feet in a Second, and the remaining Part acts upon the 
Cannon by way of Preſſure. It then we would find how much the whole 
Preſſure 15630 is diminiſh'd, when the Recoil is of 2, 4 Feet in a Second; 

fince the whole Preſſure is to the partial Preſſure, as the whole Velocity is 


to the partial Velocity, the two Parts will be, as 640 — 2, 4: is to 2,4; or | 


as 637,0: is 10 2,43 or as 796: 3. Therefore we muſt divide-15630 in 

the lame portion, making 797 : 3 :: 18630—x:x; conſequently 797 
+3. (80a) 3 : 13630: 37,63 which Quantity being taken from 
15620, leaves a Preſſure as 1557 2,4 when the Cannon recoils 0 But the 


Platform of the Battery not being perfectly ſmooth, and commonly riſing 
backwards, the Recoil of the Cannon, which in fuch a Caſe is oblig'd to 


riſe, will be ſo little, that one may confider very near the whole Farce of 
15630 as acting on the Cannon, and whatever ſtops it from recoiling. . 
Now, as it is not ſufficient, only to compare the Weights and N 


af the Ball and Cannon (becauſe the Force, which is expreſs*d by the Num- 


ber 13630, might have been expreſs'd by any other Number, as it would 
have been by 184320, if we had taken 7680 Inches, inſtead of 640 Feet 
in a Second for the Velocity of the Ball) we muſt ſhew, what Weight 
expreſs'd in Number of Pounds preſſing upon the Cannon, as a Weight 
laid on, is equal to the Force with which the Powder preſſes the Gun from 
within, as it throws out the Ball; which will be thus found. Let us ſup- 


poſe the Length of the Cannon witbin to be of 12 Feet, and that the 


Powder, as it expands in firing, drives out the Ball with a-Velocity uni- 
formly accelerated, ſo that the Ball, when out of the Cannon, ſhall by an 
uniform Velocity move 24 Feet in ha ſame time, that it mov*d 12 Feet 


in the Cannon by the accelerated Velocity, Therefore as the Ball, by 


that uniform Velocity, moves 640 Feet in a Second, it ſpends hut Y and 
2 of a Second in moving 24 Feet, and conſequently ſpends bur = im run- 


ning the Length of the Inſide of the Cannon. Now, ſince by 9 ER 
Velocities the Spaces gone through, are as the Squares of the Times 


chen f be to 1 Second || or, 1: to 26 250 12 711%) : a8 12 


Feet: to 8333 Feet, which the Ball would go in a Second with the ac- 
wee Velocity, which it has in the Cannon. If be pe Gravy, with an. 


— 
_ 


accelerated Force of 6 tet in a Second, gives the Ball a Force of 24 lib. Annotat. 
Weight; the Action of the Powder, which is capable of giving it in the Lect. W. 
ſame time a Velocity of 85337 Feet in a Second, muſt give it a Menu.. 


oy 


or Force againſt the Cannon, equal to a Weight of 12800 lib. becauſe 16 
Feet : ate to 24 lib. :: as 8533 f Feet: to 12800 lib; ſince Aion and 
Reva iron arcemaal 5 ß . 759 SHOW $83 5202-2 
If we allow the Cannon any ſenſible Recoil, the Effect of the Preſſute of 
the Powder mutt be diminiſh'd, by the fame Analogy as we diminiſh'd the 


Momentum in the former Confideration. © 


MY. Pendulum, whoſe Length is 39 Inches and 2 Tenths Engliſh M. 


fure; will perform aue Vibration in one Second , Time.] That Length (ac- 


cording to a Meaſure, that has been taken at a Mean from two Standard 


Meaſures of an Engliſh Yard, one of which is repoſited at Guildhall, and 
the other at the Exchequer) is too much, 39,13 Inches, being the Length 
of a Second -· Pendulum, which has been found, by comparing together ma- 
ny Experiments, none of Which gave the Length above 39, 133, nor lefs 
than 39,125. But I made uſe of 39, 2 Inches, becauſe it has been common 
ly reckon'd the true Length, till more accurate Experiments have” been 


made by Mr. George Graham, and others, within thele 15 or 20 Years,” 


10. [68. Page 387. Tze whole Curve fo d:ſerib'd is card a Geld 


Let the Line B C+ repreſent Part of the Earth's Surface, on which a Wheel pl. . ny 


or generating Circle rolling, does with a Point of its Cireumference de- 


ſcribe a Cyeloid, as we have ſhewn; it is plain, that ſo ſmall a Part of the 


Earth's Surface; which a Wheel runs over in one Revolution, may be confi- 


der'd as à Plane; and allo,” that if the generating Circle ſhould run along 


the under Side of the Eine C B, ic would by a Point of its Circumference, 


firſt applied to one End as C, deſcribe the fame Sort of Curve, or Cy- 


cloid CG B, as if it had ran above the Line; which Curve would termi- 
nate at B, the Baſe of the Cycloid C B being equal to the Circumference 
of the generating Circle, and the Curve CG B equal to 4 times the Dia- 
meter. But if the generating Circle ſhould run along the inner Surface of 
a Sphere, as from the Point c to 5, inſtead of running from c to K along a 


| Tangent of equal Length'with the Curve c A #, the Cycloid eG B will be 


ſhorter and leſs eurve, than if its Baſe c A 5 had been ftrair, as one may 
ſee by comparing it with the Cycloid CGB, produced by the fame ge- 
nerating Circle. This is call'd an Epicycloid. Now, if we ſuppoſe a large 
Wheel, or generating Circle, to be ſo big, that its Diameter Wal bear a 
ſenſible Proportion to the Diameter of the Earth, its Revolution under 
the Earth's Surface would generate ſuch a Cycloid: And if the generating 
Circle ſhould be half as big as a Diameter of the Earth, as the Circle 4-2, 
the Point by the rolling of the generating Circle along the Hemiſphere, 
or Seim- circle x A's, would deſcribe 45 a Diameter of the Earth; ſo 


t we have taken 16 Peet inſtead of 16, to avoid Fraftions. 8 
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Annotat. that the Cyeloid would degenerate into a trait Line. Now, in all theſe, 
Lect. V. Epicycloids, the Vibrations of a Pendulum, or of an heavy Body, oſcil- 
4 ——— lating on either Side of a middle Point G or ty, Sc. will be iſocbhronal. 
| PL. 29. F. 1. For tho' ws have ſhewn, that the Reaſon of a Body's falling faſter in a 
[ Cycloid, than in an Arc of: a Circle, or any other oblique Line, was be- 
EL cauſe the Body ſet out at firſt in the Direction in which Gravity acts; and 

here the Epicycloids being leſs curve than the common Cycloid, one 

would imagine, that they would loſe that Advantage of Steepneſs at 
| " firſt: Yet we can ſhew, that in all the Epicycloids ſuppos'd within the 
\ Earth, as c G, or even in that which becomes a ſtrait Line, as « 6, Bo- 
i 


dies begin their Motion in the fame Direction as Gravity, whofe Action 
tends towards the Center ; for wherever the generating Circle begins its 
Revolution, a Line as 56, drawn from the Center of the Earth (in which 
Gravity acts) paſſes through the Center of the generating Circle, and the 
deſcribing Point: Whereas in the common Cycloid we build our Demon- 
ſtrations upon the Suppoſition, that the Lines, in which Gravity acts, are 
parallel to one another, which Suppoſition is very proper, conſidering the 
great Diſtance of the Center of the Earth, whereto thoſe Lines con- 
Ver ns Hope hwinet on bg rot 333), 2 of. BH SH IFS03457 39 
L. 1. An. 11. We have ſhewa in the 11th Annotation of Lect. 1, Page 34 and 33, as 
- a Conſequence of the Earth attracting according to its Quantity of Mat- 
ter ʒ that the Force of the Action of Gravity is greatelt at the Earth's 
Surface, decreaſing as the Squares of the Diſtances. from its Center in- 
creaſe, when Bodies are remov'd outwards farther. and farther; from the 
Earth's Surface; and that if Bodies are ſuppos'd to come nearer to the 
Center, within the Earth, the Force of Gravity acting upon them, will 
decreaſe ditectly as the Diſtance from the Center. if therefore (ſuppo · 
ſing the Earth penetrable) ſeveral; Bodies, as for Example 4, were placed, 
one at the Surface at g (about 4000 Miles from the Center v) another at G 
(2 300 Miles from it) another at H.(2000 Miles from the Center) and the 
ourth at L (but 1000 Miles from it) the Force of Gravity acting upon 
thoſe ſeveral Bodies to drive them to the Center, would be reſpectively as 
4000, 2500, 2000, and 1000; that is, as their Diſtances from : and 
conſequently, if they ſhould ſet out at the ſame Moment of Time they 
would allo. arrive at the Center at the ſame Inſtant, | So, that if there 
1 | was an Hole through the Earth along the Diameter of it as f 2, a Body 
| falling from g, which, according to Mr. Mhiſton's Calculation, would come 
from the Surface to the Center in 21 Minutes and 9 Seconds, would 
go from g; to in double the time, and fo vibrate backwards and forwards 
in the Diameter gx, like a Pendulum: And if it began its Motion at H, 
it would take up as much time in, going to 1, vibrating, backwards and for- 
Wards (or rather up and down) in the Line HI. Now therefore, if tbe 
ifochronal Vibration in a Diameter of the. Earth, which follows from a Sup- 
Poſition of 'the Attraction of the Earth, being proportional to its Quantity of 
Matter, be alſo a Conſequence of the iſochronal Vibrations of Pendulums in a 
Cycloid (which has been mathematically and experimentally demonſtrated) 7 
* 5 8 f | 6 | mu 
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muſt follow that that 'Suppeſition is true——tho?- there are many other ways Annotat. 
of proving it. CCC ↄ V/ VV "1 
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11. [o. Page 383. The Way to meaſure the leaſt Alterations of Dimen- 
ions in Metals, ſo as io make: it ſenſible, &c.] Dr. Petrus van Muſchenbroek, 
the ingenious Profeſſor of Aſtronomy, Sc. at Utrecht, contriv'd a Ma- 4 
chine, Which he calls a Pyrometer, for this Purpoſe, whoſe Deſcription in FI 
his pwn Words,tisian follows fe. rod of fee nn dey ata pat wg Or 


4 ; { f 8 er ; ; * #7 1 fv | 8 f * — 14 | . 4 
The 2d: Figure of Plate 29, tepteſents the whole Machine, with all its pl. 29. F. 2. _ 
r . Goo Re PI 


AAA is an Iron turn;d up perpendiculatly at one End, which Re- Wii 
„ turn is 1 e Inches high. The other End, which is diſtant from it 4 4 
Inches, is alſo turn'd up, but then it is turn'd back again, ſo as to 110 
«© make a; broad horizontal ſquare Plate, the Side of which Square is 2 | S (| 
Inches. The Iron itfelf is 1 Inch wide and & of an Inch thick, which 1 
„ Thickneſs was requir'd, leſt it ſhould eaſily or ſoon grow hot, Which W | 


Pr — 
- — — 196 — 
a_ —— — — 


would hinder the Accuracy of the Experiments | | 1 
pan the Iron Plate ſtands a Braſs Machire, which is drawn by it- | 14 


„ felf in Fig. 3. where it is repreſented larger, and ſeen from another Side, 
the better to diſcover its Parts, which for that purpoſe are mark'd with 
the ſamé Letters as in Fig. 2. This is fix'd to the Iron by two Screws 
«'X, X, Which are its Legs. D is a circular Plate of 2 e Inches Diame- 
« ter, divided into 300 equal Parts, which we have not number'd in the 
« Figure, by reaſon of their Smallneſs. This divided Plate ſtands upon 
„ four Pillars E, E, E, E, which join it to the lower Braſs Plate: Between 
<< theſe two Plates there is a perpendicular Steel Arbor or Axis F, which 
« has on its lower, Part a Pinion of 6 Leaves or Teeth, and on its upper 
« a Wheel of 60 Teeth mark'd G: There is alſo another Axis I H, ſup- 
ported by a Cock that comes down from the upper Plate, and which 
Axis with its upper End paſſes through the ſaid upper Plate, fo as to 
<& receive the Hand or Index IK; having at its lower End a Pinion of 6 ; 
© Leaves to take the Teeth of the Wheel G. The Hand by one Tura % | 
e the Pinion H is carried round to all the Diviſions. There is beſides, a 
<« little Rack or ſtreight Piece L with Teeth, which takes the Leaves of 
<« the Pinion F, while the Rack flides along under two ſmall Cocks P, P, 
«© where it is preſſed towards the Pinion F by help of two ſmall Screws M, 
« M, or drawn from it as there is Occaſion, that the Teeth may take pro- 
_ « perly without ſticking or being too looſe. The Teeth of the Rack are 
© 25 in an Inch, and as it moves forward and backward, the Pinion F is 
e carried round, and conſequently the Wheel G, which carries round the | 
<« Pinion H, together with the Hand IK. Let us ſuppoſe the Rack to | 
have run the Length of 1 Inch; then F and G will have turn'd round 4 
times and g and conſequently the Pinion H, will have gone round 
&. 10 * 44; that is, 415 times, becauſe H turns round 10 times for G _ . 
8 : . «6 0 
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„ 449 A Chun f Experimental Philofop 
Annotat. 80 that che Index IK, will have mov'd round 4 times; and becauſe 
Lect. V. the upper Plate is divided into 300 Parts, the Hand muſt have run over 
—— <* 200 Diviſions 415 times; that is, 12500 Parts. Therefore, when the 
Hand ges but from one Diviſion to another, the Rack moves but the 
-#12500th Part of an Inch. Now, ſince the Diviſions are ſtill large 
enough to obſerve the Motion of the Hand to the Half of one of them, 
* one may perceive when the Rack has mov'd 4,44 Parr of an Inch. 
Care has been taken, that the Teeth and Pivots ſhould have but juſt Play 
* enough to go free, without which, one can make no accurate Experi- 
1 __. | «© ment. © There is a Female Screw goes through the Head of the Rack. 
Pl. 29. F. 4. The 4th Figure repreſents a ſquare Bar, or Parallelopiped of Metal, 
PR e upon which the Experiment is made, 3 re Inches long, and of an Inch 
de thick. One End of it O has a ſmall Tail, ghar it may communicate no 
« ſenſible Degree of Heat to the Iron AA; it is received in a Notch 
„ near B, and fix'd by the Screw C. Its other End N has an Hole ia it, 
„ through which Hole goes the Screw Q, which makes it faſt to the 
Rack L; but that End is alſo made ſmall (as you ſee in the Figure) 
6 left the Heat ſhould be communicated to the Rc. 
The Bar being thus fix'd, cannot became longer, without ſhooting 
« forward the Rack L, and thereby moving round the Hand I K, by 
„means of the Wheel and Pinions F, G, H; ſo likewiſe, when it becomes 
ſhorter, they muſt move the contrary Way. Now, left the Weight of 
e the Bar ſhould hinder the Motion of the Rack, I have thruſt in a Piece 
„of a Watch-Spring between the ſquare Iron and Braſs Plates E A, exactly 
« of ſuch a Strength as to ſupport a Bar as much as its Gravity would 
<«« depreſs it; fo that the Rack would then move with all poſſible Free- 
« dom, However inſignificant this Particular may ſeem, yet it is very 
« neceflary to be nice in it; for in making Experiments with Bars of 
„ different Metals, 1 was oblig'd to draw our, or tuſt in my Spring 
< more of leſs, according to their different Weights.” The Hand, or In- 
eh dex IK moves ſo freely, that you will perceive it to move when the Bar 
| „of Tin is made faſt to the. Machine, if you but apply your warm 
„ Hand to the Bar; for Tin requires but a very ſmall Degree of Heat 
to alter its Dimenſions, as this Experimeat proves. But to apply more 
a « Heat conveniently, eſpecially the Flame of burning Spit its, there is a 
PI. 29. F. 5. „ Box made of Braſs (lee Fig. 5.) 3+ Inches long, 1 Inch wide, and ut 
' Inch deep, which is cover'd at top with a Piece of blue Stone (ſuch as 
<6. will bear the fire, call'd in Dutch, Lye) which is reprelented in the Fi. 
— e gure the underſide upwards. It was neceſſary to make this Cover of 
„Stone, left it ſhould grow too hot, and ſet fire to the Spirit within the 
+ Lamp, as will happen when the Cover is made of Metal. It has a long 
„Hole cut through the Middle, into which is let in a Braſs Plate 1, 
© which has 5 ſmall equidiſtant Holes 4 Parts of an Inch aſunder, and 
% Inch in Diameter, to tranſmit the Wicks of the Lamp. This 
Lamp has 4 Feet, which cloſely take in the Iron A ms ted 
„ that 


* 
1 * . 
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* 


- 
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that in every Experiment the Flame may exactly come againſt the Mid- Annotat. 
«« dle of the Bar; but the Bottom of the Lamp muſt not touch the Lect. V. 
* Iron, which in ſuch a Cafe would be heated, and by its lengthening Gy 
would diſturb the Experiment: And thus, in no Experiments was it 
at all warm'd. The Diſtance between the Bottom of the Bar and 
«« the "upper Surface of the Lamp, muſt be half an Inch, that the 
“ Cotton Wieks that ſtand up 4% of an Inch, may give an exact 
« and equal Flame. The Cotton Threads muſt be very fine and even, 
« and 5 of them twiſted together muſt make a Wick of about 2 of an 
Inch in Diameter. I took particular Care of every Circumſtance in ma- 
king Experiments with this Machine; becauſe the leaſt Omiſſion might 
lead one into great Errors: For if the Wiek is drawn up too high thro? 
«© the Cover of the Lamp, the Flame will be too large, which ſhews the 
0 Neceſlity of keeping it to the ſame Height: Likewiſe in Experiments, 
ee that are made with highly rectified Spirit of Wine, if there was not 
always an equal Quantity put into the Lamp, the Flame would be 
« ſupply'd too faſt or too flow, and ſo the Heat would vary; therefore I : 
took care always'to make my Experiments with-the Lamp half full of 
«© Spirits, whereby I had the beſt Flames, which were of a cylindrick 
« Form, from the Lamp to the Metal which they heated; only they 
„ widen'd a little at Top—the Diameter of their Baſe was e Parts of 
an Inch. And to prevent the Motion of the Air, or the Breath of one's 
Mouth from moving the Flames, I cover'd the whole. Inſtrument with 
% a Glaſs except juſt. the Dial-Plate, which came up above the Glaſs, 
ce the better to obſerve the Index. | . 3 . 
This being all ready, I praceeded to examine how much Iron, Steel, 
e Copper, Braſs, Tin, and Lead were * by one Flame : then 
<« how much they were expanded by two; then by three; then by four; 
<« and laſtly, by all the five Flames: Then alſo, whether there was any Dif- 
© ference when two Flames burned next to each other, or two more 
« diſtant Flames. „ | 1 0 | 
„% One Day when ie began to- freeze, and Farenbeyt's Thermometer was 
«« at 32 Degrees, the Wind in the Weſt, the Sky clouded, and the Mer- 
« cury in the Barometer ſtood at 29 , I laid the Metals above-men- 
<« tioned cloſe to one another, upon a Stone, that they might be cool'd 
equally : Then | applied them ſucceſſively to the Pyrometer, and having 
<« firſt lighted one Flame, I obſerv'd their Expanſion : Then having taken 
them off from the Pyromeier, I ſet them a cooling till they became as cold 
as at firſt, and try'd them on the Pyrometer with two Flames; and ſo 
on till I tried the Effect of all the five Flames upon them. For Brevi- 
<« ty's ſake, I have digeſted into the following Table what rhoſe Effects 
were. The Degrees of Expanſion are mark*d in Parts, of which each 
is the +1; Part of an Inch. It is to be obf-rv'd of Tin, that it 
will eaſily melt, when heated by two of the Flames burning net to 
one. another, therefore one cannot try it with more Flames than two. 
Vol. I. E41 « Lead 
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Annctat. © Lead commonly. melts with three Flames, which, are next t 
Lect. v. other, * . burn e 5 4 math 255 1 
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Dae Shewing how Metals are expanded by the Heat of Flames 
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one another. 
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FTheſe Experiments were macs ſeveral times over; and tho? they did 
<« not always agree, yet they never differ'd ſo much as five Degrees, 
« which is ſo little as not to be worth Notice ; and this may be owing 
« to the Play of the Teeth, which cannot be avoided in theſe Experi- 
« ments. But I always took the Mean of a great Nutaber of __ 


ments. 
From 
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* From theſe Experiments it appears at firſt View, that Iron is the Annotat. 


cs. 


cc 
<6 


cc 


„ zaly, The ſame Flame expands Tin and Lead almoſt the double 
of Iron; for their Expanſions are as 135 to 80; that is, nearly as 2 
00.4 | | | | 

* 4thly, Tre Flames which are next to one another, and act upon the 


leaſt rarified of any of theſe Metals, whether it be heated with one 


or Lect. V. 


more Flames: And therefore is the moſt proper for making ſuch Ma. 


chines or Inſtruments, which we would have to be leaſt altered by Heat 
and Cold. oy 2 „„ | = 


Therefore it is very proper to make the Rods of Pendulums for 
Clocks, of Iron: They are not ſo good of Steel; and much worſe of 


Braſs; yet ſometimes they are made of Copper, becauſe it is not ſo 


liable to ruſt; but yet, that is wrong. So likewiſe the Meaſures of 


Yards or Feet ſhould generally be made of Iron, that their Length may 
be as near as poſſible the ſame, Summer and Winter. 44 


* 2dly, The Expanſion of Lead and Tin by only one Flame, is pretty 


near the ſame. 


metalline Rods, cauſe a greater Rarifaction, than when they have a 


ſenſible Interval between them: For two neighbouring Flames expanded 
Iron 117 Degrees, and two farther aſunder, but 109; and the ſame 
+ was obſerved in all the other Metals. | 


2 


« Now, this happens, becauſe all the Parts of the Fire do. not riſe di- 
rectly up and apply themſelves to the Rods over them; but ſome fly 
off. ſidewiſe from every Part of the Flame. Now, when two Flames 


are at a diſtance from one another, the lateral fiery Parts fly off from 
the Flames, and do not act upon the Metals; whereas, when they are 


near together, thoſe Parts which fly off from the Side of one Flame 


towards the other, are reflected back from that Flame, as from a Spe- 


culum, and coming back into their own Flame again, are driven up- 
wards, and enter into the Metal, which thereby receiving a greater 
Quantity of Fire, muſt conſequently ſwell the more. 


„ Ithly, Now let us compare together the Expanſions of the ſame 


« 


cc 
ce 


« 


(e 


4 


Metal, produced by one, two, three, or more Flames: Two Flames 


did not give double the Expanſion of one; nor three Flames three 
times the Expanſion, but leſs; and the Expanſions differ ſo much the 
more from the Ratio of the Number of the Flames, as there are more 


Flames acting at the ſame time. I ſhall hereafter give the Demonſtra- 


tion of that Phenomenon z now I ſhall only give the Proportions of the 
Expanſions obſerv'd in the following ſhort Table 
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expanded 310 Degrees, whereas perhaps it muſt have been expanded 


che many Uſes of the Pyrometer ; which I have improved by the following 
Changes. . > - | | CEN 
xſt, Inſtead of ſquare Rods of Metal, to make the Experiments upon, I 

uſe cylindrick ones; becauſe I can more certainly have them of the ſame 
Size, by drawing them through the fame Hole of a ſtrong Steel Plate, ſuch 
as Wire-drawers uſe: And by that means, T am ſure, that the Bulks of 

the Metals compar*'d are que. te 


| -ndly, Inſtead of the Pinion F, I have a ſmall Roller of Steel truly round, 


but not poliſh'd, and filed on the Surface in the Direction of its Axis, fo 


- g6ly, That the Chain whereby G carries H, may be neither too ſlack, 


that it may be conſider'd as a little Wheel with an infinite Number of 
Teeth : Then the Wheel G upon the ſame Axis has no Teeth, but only a 
Groove to receive a fine Watch-chain (or even an Horſe hair) whereby it 
carries round a Roller at N, with a little Groove, upon the Axis of which 
Roller the Index is fix'd at the upper End J. : a 


1 


nor too tight, the whole Dial Plate (which in my Pyromerer is ſquare) and 
the Cock and Pinion H are driven towards, or from the Wheel G, by a 


Screw faſtened to the upper Frame-Plate, which Plate receives the Top of 


Pl. 29. F. 2. 


the Pillars and Arbor of G, whilſt the Dial- Plate ſlides upon it. 

N. B. There ix no ſuch Plate under the Dial- Plate in Dr. Muſchenbroek's 
4thly, Inſtead of the Rack NL (Fig. 2.) I have a long thin Plate of Steel 

about 2 Parts of an Inch broad, rough filed, ſo as to move the firſt 


Roller F, by rubbing againſt it. Ir is tempered of a Spring Temper, 
and a little curv'd, ſo as to have its convex Side bear againſt F; but 


® See the Notes of his Latin Tranſlation of the Experiments of the Academia del Ci- 


nento, Part the 2d, from Page 12, to Page 18, Cc. 
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when it is faſten'd to the Rod at N, there is a Spring fix'd to the lower Arnotat.” 
= 


Braſs Plate, which draws it ſtreight and tight by its 
tion NL, and inſtead of the Cocks P, P (Fig. 3.) there are two Pullies 


* 


Steel Plate or Ruler, that ſupplies the Place of the Rack. 
| £thly, Inſtead of the Watch-Spring to ſupport the Bars, T have à ſmall 


Braſs Roller of ++ of an Inch Diameter, whoſe Axis is horizontal; and 


this Roller is raiſed up from its Pedeſtal, that is fix'd to the Iron at W, 
by a Screw, ſo as to come under every Rod of Metal, and ſupport it at its 


The 6th Figure repreſents, the lower Frame Plate, with my Alterations. PI. 29. F. 6. 


BN is the round Rod of Metal to be tried, with the Steel Plate 
made faſt at N, by the Pin Q. This Steel Plate, whoſe natural Situation 


is repreſented by the pointed Line N, is here kept in the ſtrait Line N 


L, by means of the Spring 8 L, which hooks in the End of it at L, 


drawing it in the Direction N L; and it is directed by the Grooves of 
the Pullies P, P, fo that its Side, that is inclin'd to be convex when left 


at liberty, now preſſes on the Roller H, which it turns by its Friction, 
as it accedes towards, or recedes from L. The pointed Circle G g, te- 
preſents the Wheel above on the ſame Axis as H: gi G, che Watch. 
Chain, carrying round the laſt Roller i, an Index „i K, as in Dr. Muf- 
cbenbrocł's Pyrometer. The reſt is eaſily comprehended from what has 
been ſaid, and a Sight of the 2d Figure, which repreſents the ſupport- 
ing Brafs Roller, rais'd and depreſſed, by turning round the ſctew'd 


N. B. There is no Inconvenience in Eng the Horſe-hair if you tale cart o 


Place its Knot at G; for as the Motion is made in the Direftion G, m 8 


ibe Knot will never go fo far Ld and therefore in all its Motion Bear 


© equally in the Groove of the Wh 


By uſing Rollers, the Shake of Teeth is wholly avoided in my Pyro- 


meter; ſo that the Index begins to move the very Moment, that Heat 
is apply'd to the metalline Rods; and if you blow out the Flame, that 
very Inſtant the Index begins to return, which cannot happen where there 

are Teeth; © LO i | es | 
I mean the quick Return when the Heat is remov'd. I muft own, 
that if we conſider the Motion of the Index only one way, when once 
the Teeth take, and it begins to move, it will go on regularly ; therefore 
Dr. Muſchenbrozk's Experiments may be depended upon. However 1 
ſhall try them again with my Pyrometer the firſt Leiſure. I muſt alſo do 
the Doctor the Juſtice to own, that he has ſignified to me in one 75 his 
g J 7 4 ds : : "3s F D * d rters 


d L, in the Direc- Lect. V. 


placed horizontally whoſe broad vertical Grooves receive and direct the Pl. 29. F. 3. 


Pl. 29. F. 2. 
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Angotat. Letters, that if he had not loſt his Work man, he would have made a new 
85 ta, [73. Who aſſert, that the Earth is an «blong. Spheroid (like on 
Lag) higher at the Poles than the Afquator, &c.] ; Monſieur: Coffin: ſays, 
that the Earth is an oblong Spheroid, higher at the Poles than the Æqua- 
tot, making the Axis ſonger than a Diameter of the A£quator!abuur- 13 
French Leagues, which he deduces from comparing his Father's. Meaſures 
of the Meridian from. Paris to the Pyrenean Mountains with thoſe of 
Monl. Picard, of which an Account may be ſeen in the Memcirs of the 
Royal Academy for 1713 then having afterwards continued the Meridian, 
which is drawn through France, from Paris to Dunkirk, he ſtill draws 
Conſequences to prove the Earth an oblong Spheroid; but then makes the 
Axis exceed the æquatorial Diameter 34 Leagues. | . 
Now, in order to prove this, M. Cafini, taking the Meaſures above- 
mentioned co be exact enough, not only to determine the Magnitude, of 
a Degree of the Earth, correſponding with a Degree of a great Cir- 
cle of the Heavens; but alſo to ſhew, even the Difference in the Degrees 
of the Earth (reckoning thoſe, that were meaſur'd in the South of France, 
to exceed thoſe towards the North, by a certain Number of Fathoms 
and Feet) demonſtrates, that if the Degrees of the Earth are longer towards 
the Zquator than the Poles, the Plane of the Meridian muſt be an Ellipſe, 
whoſe long Axis is that of the Earth  __ . "IF 
Monſieur Caſſinis Demonſtration is certainly right; but the Meaſures 
taken could not, in the Nature of Things, determine any thing about the 
different Length of Degrees ſo near to one another; becauſe as that Dif- 
ference in one of the Suppoſitions is but of 11 or 12 Fathoms, and in 
another of about 31 at moſt, the Latitude muſt be taken to an Exactneſs, 
exceeding to the Nature of any Aſtronomical Inftruments yet made, and 
much more than that of the Inſtruments made uſe of by the Gentlemen 
who carried on the Meridiag. REY Rt . 
For in the firſt place, the Inſtrument, with which they took the Ob- 
ſervations for the Latitude at the two Ends of the Meridian, was a 10 
Foot Sector, where the 200th Part of an Inch anſwers to 8 Seconds of a 
Degree. Now the 200th Part of an Inch, being one of the leaſt viſible 
Parts that we can ſee in a divided Line, they could not take an Angle 
nearer than that; nay, their Inſtrument, according to their own Deſcrip- 
tion of it, was divided but to every 20 Seconds. They allow, that 
16 Toiſes (or Fathoms) upon the Surface of the Earth, anſwer to 1 Se- 
cond in the Heavens ; and they don't. pretend to have taken an Obſerva- 


tion nearer than to about. 3 Seconds, which therefore cannot determine a Er 
Difference ſeſs than 48 Toiſes; whereas the Degrecs are only ſuppoſed to } 
decreaſe (at moſt) 31 Toiſes each from Collioure (the Southern Part of 

their Meridian) to Dunkirk, But an Error of 8 Seconds would make a 
Difference of 128 Toiſes on the Surface of the Earth, above 10 times 

greater than the Difference of the Degrees in the firſt Suppoſition, and 


4 times 


A Courſe of Epe mmental Philoſophy. ; 2 "od 
4 times greater thau that Difference in the laſt. Beſides, the Latitude Anndtat. 
| was not obſerv'd in the intermediate Places between Paris and Collioure, Lect. V. 
with the above · mention'd Inſtrument of 10 Foot Radius: but they made (Lov 
uſe of a Quadrant, whoſe Radius was only 39 Inches, and ſometimes an | 
Octant of three Foot Radius. Nay, they ſay themſelves in their. Account, 
that it is not the Obſervations made at the Ends of the Meridian, that 
we are to deduce the Difference of the Length of a Degree from; but 
the Altitudes taken at ſeveral Places between the Extremes; and if we 
grant that they can take an Angle very well to 4 or 5 Seconds with the 
greater Inſtrument, they cannot come nearer than 12 or 15 Seconds with 
the Quadrant or Octant, which ve muſt depend upon for the Difference 
of the Meaſure of Degrees. So that upon the whole, we are to deter- 
mine a Lengthof 31 Toiſes, by an Inſtrument, which is liable to err 
above 200. „„ 
And indeed, upon a ſtrict Examination of the Account of the Meaſures 
of Degrees, I found many Errors and Inconſiſtencies; particularly in the 
» meaſuring of the Height of Mountains, where 9 Obſervations of the Ba- 
rometer for meaſuring the Height of them in the South of France, 
which are ſaid to confirm their trigonometrical Meaſures, ſo entirely claſh 
with one another, as to determine nothing at all. Nay, the Concluſion, 
that Degrees on the Earth increaſe in going towards the ZEquator, is 
only drawn from ſome pick'd Obſervations z for if they are all compar'd 
together, the Degrees will appear from thence to increaſe in going: North- 
wards. 3 5 e . CY SHE 
Now, abſtracting from Obſervations, the ingenious Monſ. Mairan has 
endeayour'd to prove, that in an oblong Spheroid, Pendulums muſt be made 
ſhorter to ſwing Seconds at the Æquator, than in greater Latitudes : but 
the Principles he has aſſumed, are not to be allow'd him; and if they were, 
it would follow from them, that a Pendulum ſwinging Seconds at Paris, 
muſt be ſhorten'd an Inch to make it ſwing Seconds at the Equator : 
whereas the Fact is, that ſuch Pendulums carried from Paris to the Æqua- 
tor, are only ſhorten'd of an Inch. Therefore, M. Mairan, by proving 
a great deal too much, proves nothing in this Caſe. Thoſe that are curious 
to know all that relates to this Diſpute, may conſult the Phzleſophicat 
Tranſa#ions, No. 386, 387, 388 f, and 389; in which, I think, 1 have 
fully prov'd the oblate ſpheroidical Figure of the Earth, according to Sir 
Jacc Newton, and ſhewn the oblong Spheroid to be impoſſible. 


+ N. B. There are ſome Errata in my ſecond Diſſertation, which are 
corrected in the laſt Abridgment of the Tyanſactions, by Meſſieurs Reid 
and Gray, | 1 


TS. 
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of Aſtronomy at Oxford, has demonſtrated it alſo of late from n Aſtronomical Obſervations. 
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At the Def re of ſeveral Friends: 7 Sins Here fuljowt a gert Deferiptian f 


my Planetarium; an Inftrument, which I made WY, to ſhew the Motion 
of the N Bala. e 


Deſripton of of the PLANETARIUM. 


Ac HINEs and Moveniviita for WP, the Maria and 
| Appearances of heavenly Bodies, haye been Pe eſteem'd in 


all Ages; eſpecially ſince the Copernican Suſtem has been ge- 


nerally receiv*d; not only as the moſt probable Hypothefis, but as Sir 


Jſaac Newton has, from the Laws of Gravity, prov'd it the true Syſtem of 
the World *—art leaſt, a Syſtem of ſo much of the Univerſe as relates to 
us Inhabitants of the Earth ; that is; ſo far as we can diſcover, not only 
by our Eyes, but by means of Teleſcopes. 

By Help of ſuch Machines, a great many Perſons, who have not time 
to apply themſelves to the Study of Aſtronomy, and yet are deſirous 10 
'be acquainted with the celeſtial Appearances, in a few Days may get a 


competent Knowledge of ſeveral Phenomena, and eſpecially, be cured of 


the common Prejudices againſt the Motion of the Earth. 

When ſuch Aſtronomers, - as are skill'd in Mechanicks, have made or 
contriv'd theſe kind of Movements, they have anfwered the Ends propos'd, 
by ſhewing ſo much as the Machine was intended to repreſent ; bur, 


when Inſtrument- makers, without a competent Knowledge of Aſtronomy, | 


or proper Inſtructions from Perſons of Skill, have made improper Addi- 


tions to ſuch Machines as had been contriv'd by Aſtronomers (under pre- 


rence of gieat Improvements) merely to make them pompous and coſtly; 
rhe true Intention of the firſt Inventors has been defiroy*d, and the Buy- 
ers have paid dear for falſe Notions of Aſtronomy. 


Mr. George Graham (if 1 am rightly informed) was the fi ſt Perſon | in 


: . who made a Movement to new the Motion of the Moon round 


* we muſt not forget, that the Rev. and Ingenious Mr. James e Savilian Profeſſor 


the 
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the Earth, and of the Earth and Moon round the Sun, about 25 or 30 
Years ago. In this Machine every thing, that was ſhewn, was well and 
properly executed——as the Phznomena of Day and Night, and their gra- 
dual Increaſe and Decreaſe, according to the Seaſons, the Places of the 
Earth where the Sun is ſucceſſively vertical, and ſeems to deſcribe its Pa- 
rallels, the real annual Motion of the Earth, which gives the Sun an appa- 
rent annual Motion, the Rotation of the Sun about its Axis, the periodical! 


and ſynodical Month, the ſolar and fidereal Days, the ſucceſſive Illumina- 


tion of all the Parts of the Moon, c. This Machine being in the Hands 
of an Inftrument-maker, to be ſent with ſome of his own Inſtruments to 
Prince Eugene, he copied it, and made the firſt for the late Earl of Orrery, 

and then ſeveral others, with Additions of his own. Sir Richard Steele, who 
knew nothing of Mr. Graham's Machine, in one of his Lucubrations, think 
ing to do juſtice to the firſt Encourager, as well as the Inventor, of ſuch a 


curious Inſtrument, call'd it an Orrery, and gave Mr. J. Rotvley the Praiſe 


due to Mr. Grabam, © Se, 5 

Since that Time, the Orreries have been much in vogue, and executed 
in the moſt ornamental Manner, firſt by Mr. Rowley, then by other Inſtru- 
ment- makers; but the Addition of the reſt of the Planets and the Satellites, 
reckon'd by the Ignorant to be an Improvement, does but give confus'd 
Ideas, and falſe, as to Diſtances and Proportions of Bigneſs; which will al- 
ways be ſo, whilſt the Orbit of the Moon about the Earth is fix'd to the ſame 
Machine, that has the primary and ſecondary Planets. The general Syſtem 
(in which our Earth has but a ſmall Part) ought to be by itſelf The Sun, 
Moon, and Earth, ought alſo to be ſhewn by themſelves; and a Syſtem 
of a primary Planet (as Jupiter, for Example) with its Satellites in their 


true Proportion of Magnitudes and Diſtances, ſhould alſo be repreſented 


by itſelf. | 

” Theſe Conſiderations (and the Deſire of giving a true Notion of the ce- 
leſtial Phenomena, in the plaineſt and moſt expeditious manner, to ſuch Per- 
ſons as do me the Honour to frequent my Courſes of Experimental Philo- 
ſophy) induc'd me to contrive and make a Movement with all the Requi- 


ſites above-mentioned, that might ſhew in true Proportion what can be ſo 


repreſented in a celeſtial Machine, | 1 

I have made it to conſiſt of ſeveral Parts to be put on and taken off ſuc- 
ceflively ; and have calPdit a PLAN ETARIUM, whoſe Deſcription I am 
now going to give: But before I enter upon it, 


ſeription of \the PLANETARIUM. 449 


1 muſt defire the Reader to caſt his Eye upon the zoth Plate, which is pl. 30. 


Mr. Vpbiſton's Scheme of the Solar Syſtem epitomiz'd, whereby he will make 
himſelf acquainted with the mean Diſtances, Magnitudes, Periods, Quanti- 
ties of Matter, Revolutions about the Axes, Denſities, and mean Velocities 


in their Orbits, of all the primary and ſecondary Planets; and the Orbits of 


ſeveral Comets, the Periods of three of them. Only I muſt obſerve ſome 


Things relating to this Scheme, which (if not conſider'd) might lead into 
Error, 


Ver. 1. 1 Mmm. ö 1. Tho! 
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Miles, we are not to imagine, that ve can meaſure their Diſtances to a fe 
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Miles, as we really can the Moon's Diſtance 3 becauſe the Semi- diameter 


of the Earth (whoſe Quantity is known in Miles) being about th Part 


of che Moon's Diſtance, is a ſufficient Meaſure for the Moon's Diftance ;. 
whereas it is ſearce a twenty thouſandth Part of the Sun's Diftance, there- 


fore very inſufficient for a Meaſure df that Diſtance; There are indeed 
other Methods of coming at the Sun's Diſtance, as by the Parallax of 
Mars, but none of them can aſcertain it to a Million of Miles. We muſt 


ſtay till the next Tranſit of Venus acrols the Sun's Diſk in the Year 1561, 
May the 26th, when we may, by obſerving that Tranſit, find out the'Sun's 
Diſtance within a gooth Part of the whole Diſtance, as Dr. Haley has ſhewn 


in the Philoſophical Tranſattions N. 348. p. 454. and even that Advantage 


will bring us but within 15 or 16000 Miles of the Truth. However, we 
know. the proportionable Bigneſs and Diſtances of the Bodies revolving 
round the Sun; that is, if the Sun's Diſtance from the Earth be, as here 


ſet Gnnth if 1 Millions of Miles, all the other Diſtances and Diameters are 
right: 


| We know thoſe Diſtances in Diameters of the Sun, which is the 
ay chat moſt Aſtronomers expreſs them; for whenever that comes to be 
known, all the reſt will be known too, and therefore their reſpective Pro- 


portions may be repreſented by Schemes and Machines But not exactly 


what Proportion they bear to the Moon and Earth. 


2. Venus is here ſet dewn, as turning upon her Axis in 23 Hours; 
but ſince Mr. I biſton publiſh'd his Scheme, Signior Bianchini has ob- 
ſervid, that ſhe is 24 Days and 8 Hours revolving round her Axis, 
which Axis is inclin'd to the Plane of her Orbit in an Angle of 15 
Degrees. | 5 | 


3. The Moon's Velocity in her Orbit, which is the only Planet, whoſe 


real Velocity we know, has been omitted here. She moves 2300 Miles 


in an Hour. The other Planets only move in an Hour the Miles ſet 


down, ſuppoſing the Sun at the Diſtance of 8x Millions of Mites from 
the Earth. | | R „ 


To give a more eaſy Idea of the Diſtances and Diameters of che Bo- 


dies, we will take them at a Mean in round Numbers; and ſuppoſing the 


Diſtance from the Earth to the Sun, to be divided into 10 Parts, Mercury 


will be diſtant from the Sun 4 of thoſe Parts, Venus 7, Mars 13, Ju- 
piter 32, and Saturn 95; If we call the Sun's Diameter 100; that of h 


will be 7 6; of u 103 of 8 ben; Of G1; of 91; of Nees and of 


the Moon ess; and the Satellites of 1 and h̊ are conjectur'd to be a- 
bout as big as our Earth. | | en aL. a3 ED 
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- 4. Tho? the different Curvature of the Parts of the Ellipſes, in which i 


the Planets move, is not ſenſible enough to be expreſs'd even in a larger 
Scheme; yet the Excentricities might have been expreſs'd, but that it was 
omitted to avoid Confuſion among the Comets Orbits. The Excentricities 
of the Planets may be expreſs'd by ſuppoſing the Line of the mean Diſtance 
of each, divided into 1000 equal Parts, and then the Excentricities will be 
the following Numbers of thoſe Parts. „ gi 


| 8 
* F 5 | Excentricity 
ee e Oh 2 930% | is e Parts. 
Diſtance of | = S |of its Diſtance 
e 8 bs IP the Earth. 


De PLANETARIUM, (Plate 31) 


18 fix'd in a Frame of Ebony about 6 Inches high, and 3 Foot in 
Diameter, contain'd by 12 vertical Planes, on which are repreſented 


the 12 Signs of the Zodiac. The upper Surface is flat of poliſh'd Braſs, 


on whoſe outward Circumference are ſcrew'd in fix Braſs Pillars, which 
ſupport a large flat ſilver'd Ring repreſenting the Ecliptick, with ſeveral 
Circles drawn upon it. The three innermoſt are divided into 12 Parts for 
the Signs of the'Zodiack, each of which is divided into 30 Degrees; 
and among thoſe Degrees are grav'd in their proper Places, the Nodes, 


Aphelia, and greateſt North and South Latitudes of the Planets. Between 


the next two Circles are mark'd the Cardinal Points. The next three 
Circles, have the Months and Days of the Months, according to the Julian 
Accounts and the three laſt have them likewiſe engrav*d, according to the 
Gregorian Account. But in the 3 iſt Plate J have omitted the Julian Ac- 
count, as I have omitted the Gregorian in the 32d Plate. Upon the Braſs 
Surface of the Machine, are graduated. Silver Circles, which carry the 
Planets (repreſented by ſilver'd Balls) upon Arbors or Stems, that raiſe 
them up to the Height of the Plane of the Ecliptick; and by turning about 
the Handle or Winch of the Planetarium, all the Planets move at their pro- 
portional Diſtances from a little gilt Ball in the middle, which repreſents the 
San, and perform their Revolutions according to their period, cal Times. 


There are fix'd Indices of blued Steel, which ſhew the Longitudes of 


the Planets, by pointing to the Diviſions of the filver'd Rings or Circles, 


as they move round. But as theſe Circles, being concentrick, give only | 
the mean Diſtances ; the true Orbits, according to their Excentricities, are 


graved on the Our-fde of each Circle, with the periodical Times taken 
from the Tables, to ſhew what the Revolutions are nearer than can be 
Fr . MM m m. 2 perform'd 
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perform'd by any Machine. The Nodes and Apbelia, with the Places of 
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ar 1 hiloſop 7. | ; 


greateſt North and South Latitudes, are alſo mark'd on thoſe Orbits. As 


the Diſtances are in their true Proportions to each other; ſo likewiſe are 


Pl. 31. . 


the Bodies of the Planets in their juſt Proportions to one another. But it 
cannot be expected, that the Diameters of the Planets ſhould be in Pro- 
ortion to the Diameters of the Orbits; becauſe. taking Jupiter under 3 


nches Diameter, and the Earth a little more than a quarter of an Inch, as 


in my Machine, it would require the Syſtem to be of the Bigneſs of a Mile 
and 3, the Orbit of Saturn about ooo Feet in Diameter, and fo of the 
reſt ; which would make the Machine 3ooo times bigger than it is. And 

if we would ſuit the Bodies to the Machine as it is, the Bodies muſt be 

3000 times leſs, which would render them all inviſible, but the Sun; and 

that would be lefs than th Part of an Inch. For this Reaſon, I could 
not put in a Ball big enough to repreſent the Sun in reſpect of my Pla- 

nets; but we are to ſuppoſe the Sun (in reſpect of them) as big as the in- 

ner Circle of the Silver Ring, which repreſents the Ecliptick. | 


| New in the ORRERIES (as they call them ) there is ſheen no 


Proportion of the Orbits to ane another; nor of the Bodies to one another. 


As the Orbit of the Moon, and the Orbits of Jupiter and Saturn, are 
quite loſt in this Proportion of the Orbits of the primary Planets, much 
more are the Satellites themſelves; therefore the Satellites are not put on 
in this Poſition of the Machine. But Saturn's Ring is join'd to Saturn's. 
Body, according to its Proportion, and the Inclination of its Plane to the 
Plane of Saturn's Orbit : And as the Planet is carried round, the Ring 


always moves parallel to itſelf, as it does in the Heavens. Thereby we 


ſee why the Inhabitants of the Earth, in one Revolution of Saturn, ſee 
the Ring twice in the moſt open Situation of the Anſæ, as in Figure 1 


and twice, as if it had no Ring, that is, when the Edge of the Ring is 
towards the Earth (the Plane of the Ring going through the Obſerver's 


Eye) and the ſucceſſive increaſing and decreaſing of the viſible Bigneſs of 
the Anſæ. 3 | = | 58 
The 2d Figure repreſents Jupiter with his Belts, and the Spots whereby 


| his Revolution has been obſerv'd. 


When the Spectators have look'd long enough upon the Machine, to 


have a compleat Idea of the proportionable Bigneſs of the Planets; Jupi- 


ter and Saturn are taken off, and then there are put on another Jupiter 
and another Saturn 3 times leſs than the former, in order to put Satellites 
about them (and at the fame time the Moon is joined to the Earth) and 
ſhew how the Satellites accompany their primary Planet in its Courſe round 
the Sun. Theſe Satellites, which are Pearls upon crooked Stems, do not 
turn by Clock-work round their Primaries, (as has been done in ſome of 


the large Orreries) but are only ſet by the Hand; becaule, to do it, 
would be only a needleſs Expence, to give a falſe Notion of their Big- - 


nels, Diſtances, and Inclination of their Orbits, in reſpect of their Prima- 
. | | | ries, 
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3 ries. But to give a right Notion of Jupiter and his Satellites, and Saturn | 
4 and his Satellites; there is ſhewn for each of theſe Planets a Syſtem a- part, | | 
A where the Diftances from the Primary, and the Bigneſs of the Satellites, 7 q 
i are expreſs'd: And in this Syſtem, tho” Jupiter is but of about an Inch | | 
* Diameter, the outermoſt Satellite is as far diſtant from Jupiter's Center, as 
15 Saturn is from the Sun in the Machine, which ſhews the Inconfiſtency and — 
i Diſproportion of making the Satellites to move round Jupiter in an Orrery. ; LL 
9 | Saturn's Satellites are ſtill more improperly put in; becaufe four of them — | 
. move in Orbits very much inclin'd to Saturn's Ecliptick, (viz. in an An- 
. gle of above 30 Degrees) and the 5th has its Orbit almoſt in the ſame | 
"72 | 8 8 7 | 
1 Plane as Saturn's Ecliptick, with a Diameter greater than the Diameter of | 
b the Whole Planetarium, even when Saturn is 3 times leſs than the Saturn of | 
. the Planetarium. N e 5 — 
4 The next Thing put on, is a Contrivance to ſhew, that all the Con- 
Y fuſion of the Planets. Motions in the Ptolemaic Hypotheſis ( call'd their „ 
P Stations and Retrogradations) is not really, but apparently ſo, in the Co- | | 
pernican, or true Syſtem of the World. And this is done by two Steel | 
Indices, one of which being always applied to the Sun, and ſucceſſively to 1 
the Top of the Stem of the Planet to be examin'd, whilſt the other is ap- | 


ply'd to the Earth (as a Center) and the ſaid Planet; by turning the | 
| Handle of the Machine, the He/iocentrick * and Geocentrick Places of the : 
Planet are ſeen on the Ecliptick at the ſame Time; ſhewing, why the 
Planets ſeem to go backwards and forwards when view'd from the Earth; 
tho' they go all the while regularly from Weſt: to Eaſt, as they would be 
ſn rom the Sutter : oo ] «/// , 
Then to ſhew the true Inclination of the Orbits of the Planets; having 
taken off all the filver'd Balls, which repreſented, the Planets before, and 
their Stems, ſix Orbits of gilt Braſs Wire are put on, by means of Pil-- 
lars ſet upon the Orbits, that are grav d upon the great Plane of the Ma- 
chine, ſo high, as to have one Part above, and the other below, the Plane 
of the above deſcrib'd Ecliptick ; whilſt the Nodes, in two oppoſite Parts 
of the Wire Circles are exactly in the Plane of. the Ecliptick, and the 
Aphelia and Peribelia, according to the right Diſtances from the Sun, 
directly over the Letter A and P in each Orbit grav'd below. For 
Example, in Jupiter's Orbit, two Pillars of equal Height (and the 
Height of the Plane of the Ecliptick above the great Plate) ſtand 
upon the Holes at 8 and &, to ſuſtain, that Part of the Orbit, 
which is in the Node; a Pillar a little higher ſtands at N L, and one a 
little lower at S L. The Heads of theſe Pillars being round, repreſent 
Jupiter at each Node, and at the greateſt North, and the greateſt South 
Latitudes. Beſides theſe four Balls, there are two others moveable upon 


: Center of the Sun and the en ſhews its Helioanarick Lon itude, 
ſame time, hat a. moveable. Arc of a Circle vertically ſtanding vpon the 
Degree of the Ecliptick, which; the Index is over or under, ſhews the He- 
| liocentriq Latitude: The Ceacentrict Longitude and Latitude, being ſhewn 
- "a the ſame.-manner, When the Index comes from the Earth, 75e other 


foe Wire, Orbits ane fix'd. * 1 he tie There ate . — a double lader ts goof 
| og like, a Pair of 


7 W 46h 
4 3 Ws. * i aA 
. Fd * 5 8 « 
4 > 4 


1 . 


*. B. nor, Elongalen of 2. is abou 28 Deg and of ane = 
48 Degrees. agrees, 


W 


There is alſo 4 Wire bent into 3 tier Fig igure, ad ſupported * 
. three Pillars, to ſhew the lower Part of a Comet's Orbit; that! is, ſo far as 

we can obſerve of ir. The Head ef each Pillar repreſents the Comet at that 
Place; and the fine Silver Wires extended from the Comer, in its ni 
lion, ſhew the Tail of the Comet when it is biggeſt 

As the Obſervations of the Eclipſes of Jopi 81 Satellites, are of great 

Uſe in Aſlronomy; 1 have made a particular Syſtem, of Jupiter and his 
Satellites applicable to rhe Machine, whereby che Diſtances, Bigneſſes, 
and true Periods of the Satellites, in reſpet to Jupiter, are truly hewn; 
that when we have taken off the Sun and the Wheel-work, which carries 
N, 9, ©, and &, and put in the Wheel-worl- befonging to the Syſtem of 
Jupiter (each of theſe being put, on or off in one Piece) ſome of the 
| Wheels, chat were before in the Planetarium, help to move Jupiter and 
his Satellites in ſuch manner; that if they be once fer by the Tables, you 
will by turning the Winch, ſee what Eclipſes of any of the Satellites will 
appear at any Time. There is a Dial-plate with three Hands or Indices 
in one Corner of the Planetarium, where the Handle for this Purpoſe, is . 
applied, one of Which Hands ſhews the Hours of Jupiter's Rotation about 
its Axis in out; Hours, and the Hours of Jupiter (that is, dividing his. 
Rotation once about its Axis into 24 Parts), Nie” next. Index ſhews the 

Hours of the Motions. of any of the Satellites, and rhe thizd Hand ſhews 
the Days: 8 

By looking at Jupiter and the Satellites, as they are mov'd by turning, 

the Handle; together with the Uſe of the Win oh to repreſent FE: Sun; 
we r ſe: rhe  followiig, Things, as they really happen. | 


I. The Immerſion 3 chat is, AAR a. Kulte entets into Jags "Th 
N 1 


2. The Emerſion of a Salus out of the Shadow.” 5 Hibs 


* wh 4h, 125 * _ 08 


. When the lmmerbons, or r when the Emerſiors are viſible 
; $y* IX B'9 2 eh | 2 2TH, $38 $5230: 4. When 
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4. When a Satellite is Magen by the Body of u. beſtre ie ond jnta, 


or after it is gone out of the Shadow. . 
855 When a Satellite may de ben w oog the Body of k. 47 


iS, "When 2 Satellite makes a Solar x Eee 4 v, by e its Shadow 5 


hoon ſome Part of its Surface. 
2 5 When Satellites eclipſe one 1 
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FG Wha As. for the Repreſentation of the Phanomena of the Sun, :Adoon and 
Earth in reſpe7 to each other, there aught to be another Machine, but for 
Conveniency .of Carriage, | I have contriv'd to thange the above- rata Ma- 
"SE into 25 WY; Ht 4 % the; there be 152 n. in en the neceſ- 


. 
5 


- * 


x: Plate yas: Nr Finn eee, vith only the Sun, Forage? and 


. 


| The Ecliptick ig Bo upon other Pillars, is raiſed about 2 Inches | 


bigher than it was before. 7 


5 2.Thd Surface of the abi ial thoſe Pillars; is a 1 Plate Shia 
blue, inſtead of the poliſh'd Braſs before; becauſe the blue Colour of the 
Sky depends wholly upon the Earth's Atmoſphere, and not a blue Arch 
or Canopy at an immenſe Diſtance. 
The Clock - work under this Plate, applying ;Xſelf to the Cleck-worls 
within the Machine, and the Winch being fix'd to ee 1 of the 
Spee the en Motions will be paler; | 


8. The Sun (which i is heve a gilt Brass Ball of 2 Inches Diameter) turns 
round his Axis from Weſt to Eaſt once in 25 Days 6 Hours; every 


Turn of the Handle being now a Day, which was a Month in the general 


Syſtem, and the Hours being mark'd by an AP 1 eie Eines at 


” Bottom -of the Axis of the Earth. 


„ Tbe annual Motion being Rogip'sd; the Earth (whoſe C Cerner, as well 
| as A. of the Sun, is in the Plane of the Ecliptick) turns in 24 Solar Hours 
round an Axis, inclin'd to the Plane of the Ecliptick in an Angle of 65+ 
Degrees from Weſt to Eaſt, not moving out of its Place. But when che 
annual Motion 1s not lock'd, then it turns about its Axis once in 23 Hours 


and 36 Minutes, and at the forme Time is carried round in its annual Or- 
bir, from Welt to Eaſt alſo; its Axis is all the while remaining parallel 


0 inſet 
An 
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An Account 1 the imd explain d 5 by the Rotation of the Earth 


about its Axis. 
The Earth is here repreſented: by a ſilver'd Ball of £5 lach Diameter. | 


on which are drawn ſeveral Circles, as is done upon the common Globes, 


viz. the two Polar Cireles, the Tropicks, the AEquator, the Eeliptick, 
and the Parallel of London; likewiſe 24 Meridians, one of which grav'd in 
thicker than the reſt, repreſents the Meridian of London, which Place is 
expreſs'd by a ſtrong Spot or Point in 515 Degrees of North Latitude. 


From a rais'd and bent Wire-Arch f k g hangs a Plate like a Creſcent, 


wanting 47 Degrees of a whole Circle at en, that it may not fall 


foul upon the Axis of the Earth. The Plane of this Plate does always. 


paſs through the Center of the Farth, and facing the' Sun, is always per- 
pendicular to a Ray coming from the Sun to the Earth, and conſequently | 
divides the enlighten'd from the darken'd Part of the Earth: Therefore I. 
coll it a Solar Horizon; and W, E mark' d upon it, ſhew the Welt and the 
Ea | 
In a Line ſuppos a to be drawn ben the Center of the Sun to the Center 
of the Earth, is fix d upon two Props, the Solar Ray or Wire 1, to ſhew - 
on what Part of the Earth the Sun ſhines perpendicularly at any Day, Hour, 
or Minute of the whole Lear. | 
There is an Index b, which ſhews the Place of the Earth on the 


_ Ecliptick, and likewiſe oppoſite to it, there is another Index (with a 


little Sun grav'd upon it) to ſhew the Sun's Place in the oppoſite bonds of | 
the Ecliptick. _ - 
Taking hold of the blue Plate, the Earth muſt be brought” to vhi PA 
Degree of Capricorn, which will be ſhewn by its Index; then the Axis 
of the Earth (always making an Angle of 66 + Degrees, with the Plane 
of the Ecliptick) muſt be. fo ſer, that the North Pole may be towards 


the Sun, and a Plane paſſing throughthe Axis of the Earth, and Num- 


ber XII, in the Dial-Plate D, may alſo paſs through the Sun* s Center. 
This gives the Situation of the Earth for the longeſt Day in our Nor- 
thern Hemiſphere ; ; the Solar Index, which points to the firſt Degree of 
Cancer, pointing alſo to the ioth Day of June: Set the Meridian of 
London to the Solar Ray, and the Index of the Dial-Plate Dat Bottom to 
XII. and you will have the Situation of London at Noon for the longeſt . 
Day of the Year, where an Inhabitant being ſuppos'd to ſtand with 
his Face towards the South, will ſee the Sun betore bim 25 ts greateſt Al- 
titude. 


Now, by gently turning che Handle of the Machine, the Point re- 


Ei London, or an Inhabitant of it, will (by the Rotation of the 
arth) be carried away towards the Eaſt, while the Sun ſeems to move 


Weſtward, or towards the right Hand; and when London is brought to 


the Eaſtern Part of the Solar Horizon, you will ſee the Hour of Sun-ſet 
7 . 
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Solar Horizon in reſpe& of the Sun. When the Index is come to the 


other Number XII on the Dial-Plate, London is come to Midnight: 


As you turn on, London will come out from under the Solar Horizon at 
W, the Index below then pointing to the Hour of Sun-riſe, an lahabi- 
tant perceiving the Sun as coming out of his Horizon in the Eaſt, or on 
his left Hand. You may then alſo obſerve, that in the whole Turn of 


the Earth about its Axis, the Solar Ray only points to the Fropick of 


Cancer ; no other Countries, but thoſe that are under that Tropick, hav- 

ing the Sun vertical. And this would happen all the Year round, if the 
Earth had no annual Motion; neither would there be any Change of Sea- 
ſons, or Alteration of the Length of Days. Here by obſerving, how the 
Solar Horizon cuts the ſeveral Parallels, one may perceive, that all of 
them (except the Aquator) between the North and South Polar Circles, 
are unequally divided into diurnal and nocturnal Arcs, the former being 

greateſt on the North- ſide of the Æquator, and the latter (that is, ſuch 
as are behind the Solar Horizon) on the South-ſide of it. The Northern 
Polar Circle in this Situation, is always enlightened, being on the Sunny 
Side of the Solar Horizon, whilſt all the Regions contained within the 
South Polar Circle continue in the dark, notwithſtanding: the Earth's di- 
urnal Revolution; the annual only being capable to change their uncom- 


fortable Situation of perpetual Darkneſs and Winter, to Day, Spring, 


Summer, So. 


Now, let the Movement for the annual Motion be unlock'd, and join'd 
to the diuraal; then by turning the Handle, the Ball repreſenting the 


Earth, will move truly as the Earth does, and repreſent all the Phenomena 


depending upon the two Motions, . 
Firſt then, whilſt it continues to turn upon its own Axis, once in a Day, 


it gocs forward in the Magnus Orbis from Weſt to Eaſt, according to the 


Order of the Signs (or in conſeguentia, as Aſtronomers call it) as is ſhewn 
by its Index, pointing ſucceſſively to all the Sigas and Degrees of the 
Ecliptick, whilſt the Sun, round which it moves, ſeems to deſcribe the 
| ſame Orbit, alſo in conſequentia,, or from Weſt to Eaſt, at the Diſtance of 
fix Sigas; that is, ſeeming to ſet out from the firſt Degree of Cancer, juſt 
as the Earth does really ſet out from the firſt of Capricorn, as the Solar 
Index i (over Taurus in Plate 3a.) plainly ſhews, | 
Nov, as in the annual. Motion of the Earth, the Axis always remains 


parallel to itſelf, the Situation of it, in reſpect of the Sun, muſt be con- 


tinually chang'd; and a Plane paſſing through the ſaid Axis and the 
Number XII upon the Dial-Plate D, will not, paſs through the _ 
Center again, when once it has left it, till at the Diſtance of half a Year, 
and then the North-Pole of the Earth (which was neareſt to the Sun be- 
fore) will be fartheſt from the Sun. N. B. The Situation of the Earth, 
in reſpefs of the Pole Star, to which, the Axis points, never ſenſibly changes; 
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ſhe wn by the Index on the Earth's Axis and Dial-Plate D. Turn on, and 
Tondon will move in the ſhaded Part of the Earth on the other Side of the 


k | 5 * | 58 | 
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becauſe the whole Diameter of the Earth's Orbit tears no Proportion to the 
Diſtance of the fd Stars, which are 400000 times farther from us than 
the Sun, and therefore their Parallax can't amount to one Second Minute of 

Secondly, Obſerve, as the Earth moves on in the Ecliptick, that the 
North Polar Circle does gradually get under the Solar Horizon, which cuts 
it into two equal Parts, as the Earth enters into Aries (and the Sun ſeem- 


ingly into Libra) as it does alſo every parallel Circle all over the Earth, 


making the Diurnal and Nocturnal Arcs equal; and this is call'd the E- 


quinox, the Days and Nights being then of 12 Hours all over the Earth, 


as is alſo ſhewn by the horary Index at D: And both Poles. being equally. 

enlightened, have the Sun in their Horizon; likewiſe the Solar Ray, after 
having ſucceſſively pointed to all the Parallels ſuppoſed between the Tro- 
pick of Cancer and the Equator, now points to the ZEquator, whoſe every 


Pars (for this Day, or one Turn of the Handle) ſucceſſively receives the 


perpendicular Light and Heat of the Sun; which is what the P!olemairks 
call the Sun being in (or deſcribing) the Zquator.. 8 
By continuing to turn the Handle, the Earth goes on gradually in conſe- 
quentia, and the Solar Horizon ſhews how the Days continue to decreaſe as 
the diurnal Arcs ſnorten; and by degrees the whole Space contain'd by the 
North Polar Circle hides itſelf from the Sun, till it is quite behind the So- 
lar Horizon, when the Earth comes to the firſt Degree of Cancer; which 
ſhews, that all the Countries within that Space have no Day at all, 'whillt. 
the Countries within the South Polar Circle, being now-on the Sunny- ſide 
of the Solar Horizon, have no Night-at all. Now, the Solar Ray points. 
to the Tropick of Capricorn, which by the Rotation of the Earth, the 


Sun ſeems (or is ſaid) to deſcribe. The Sun's Index alſo being in Ca- 


pricorn, and likewiſe pointing to the 11th Day of December, ſhews, 
that we have the ſhorteſt Day at London, whoſe Meaſure is ſhewn by the 
horary Index. The Earth being ſtill carried on, the Solar Ray will de- 
ſcribe the Parallels over again, being at the Xquator, when the Earth en- 
ters Libra (and the Sun ſeemingly Aries) and the Solar Horizon divides- 


all the Parallels into equal diurnal and nocturnal Arcs, the Poles. being 


now in the Plane of the Solar Horizon. Then as the Earth goes on,. 
more of the North Polar Circle comes out towards the Sun, the diurnal 


Arcs, and conſequently. the Days, in our Northern Hemiſphere increaſe, 


whilſt thoſe beyond the Equator decreaſe, till at laſt the Earth comes to 


the firſt Degree of Capricorn, from whence it mov'd at firſt : Then alſo. 


is the Axis of the Earth return'd to the fame Situation in reſpect to the 
Sun, that it had at firſt. Ye FO . 


Thirdly, Take off the Farth and its Solar Horizon, and put on another 
Earth of 3 Inches Diameter, whoſe Center will ſti} be in the Plane of 


the Ecliptick. This Earth having a graduated Meridian, and Pins (re- 


preſenting Inhabitants) perpendicularly {tuck into the Tropicks, the Æqua- 
5 . : | | 5 FOFs 


Deſcription of the PLANETARIUM. 


tor, and ſome, Parallels between; the Solar Ray (ſhortened a liitle to ſerve 
for this Earth) will more plainly ſhew, when the Sun is perpendicular to any 
of theſe Inhabitants, and how much it is more or leſs oblique to thoſe with 
out the Tropick in different Seaſons, Pins being alſo fixed in thoſe Places. 
Tbe Solar Ray will likewiſe exactly ſnew the Degrees of the Sun's Decli- 


nation upon the Degrees of the Meridian of this Globe, 


$64] 13 ELL UE Ga $70 O03 LO i Eben D&-2 EMO OTNI MART 25 1 3 
Fourth, Take off this Globe, and put on another, which is only of 2 


Inches Diameter, of Ivory, having a Map of the World grav'd upom it, 
and a Silver Horizon to et eaſily for any Place. By this the Globe with 
its Horizon differently ſet, and the Solar Ray, are ſhewn the Pheno- 
mena of the ,7ight Sphere, of the abligus Sphere, and of the parallel 
Sphere. Having ſet the Horizon for any Place, you ſee eaſily by the So- 
lar Ray, when the Sun is above or below the Horizon of that Place, and 


at what Point of the Compaſs it riſes in that Place all the Year round: 
Whether it has Amplitude or not, whether Northern or Southern, and 


how. much more or leſs in one Latitude than another, That is, how much 
and when, the Sun riſes and ſets North or South of the Points of due Eaſt 
and Weſt. ub os of; 1.36 Hike ee e d + of en e 65 


$%# 


i 3 01 Ne LESLIE iin . „ 504d "F463: 4 1 S 
Fifth, Put the little Earth on again, and having brought it to the firſt 


Degtee of Capricorn, ſet the Hour - Index at XII towards the Sun, as al- 


ſo the Meridian of London. Then we are to conſider, that a Plane paſſing 


| along the Axis of the Earth, and the Pole Star (at an immenſe Diſtance) 


does alſo paſs through the Meridian of London, and the Center of the Sun. 
Now, having unlocked the annual Motion, that the Earth may turn about 
its Axis without moving out of its Place, every Turn of the Handle will 
carry round the Meridian of London till it comes back into its Place again, 
and London faces the Pole Star as before; that is, returns into the Plane, 
out of which it was carried; and this is called a Sidereal Day, Noy, as the 
Sun is in the ſame Plane as the Axis of the Earth and the Pole Star, the 
Sidereal Day and Solar Day will be the ſame, becauſe the Meridian of 
London comes to the Sun's Center at the ſame Time that it comes to the 
Pole Star. But as this depends upon the Immobility of the Earth's Cen- 
ter, it is not true in Fact; therefore to know what does really happen, we 
muſt put on the annual Motion. Then one Turn of the Handle not only 
gives the Earth one Turn about its Axis, but makes it go forward almoſt 
one Degree in the Ecliptick. Now, if you obſerve the Meridian of Len- 
don, you will find, that it is not yet come to the Solar Ray; becauſe tho” 


it is come into the Plane, that paſſes through the Center of the Earth and 


the Pole Star, this Plane no longer paſſes through the Center of the Sun, 
becauſe the Center of the Earth has quitted its Place, and moved in con/e- 


Ms: ſo that.the Handle muſt be moved a little farther, before the 


eridian of London (which has gone quite round to make a Sidereal 


| Pay) comes to the Solar Ray to make a Solar Day, which is longer than 


the  Sidereal Day, the Space of four Minutes in Time, Therefore the 


Nnn 2 Earth 


* 
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Earth turns about its Axis in 2 + Hours and 56 Minutes but any Country  _. 
which has Noon, or the Sun in the South, muſt make more than one Revo- 
lution about the Axis to come to Noon again. This Difference between the 
Solar and Sidereal Day is ſo little, that it cannot eaſily be perceiv'd in one 
fingle Revolution; but if we. turn the Handle 15 times, thoſe 15 Diffe- 
rences making an Hour (taken all together) you will fee; that after juſt 15 
Turns, the Plane palling through the Earth, and the Pole Star has ſo far 
left che Sun, that the Solar Ray inſtead of pointing to the Meridian of Lon- 
don, only points to that, which is immediately before it, which is an Hour 
more eaſterly, and the Hour- Hand at Bottom, which points to XII, on- 
ly ſhews the Sideteal Day; but muſt by means of the Handle be brought 
to the Number I, before it points to the Sun's Center. If the Earth be 
carried on one Month in its annual Courſe, the Hour - Index, when at XII, 
will want 2 Sidereal Hours of the Solar Noon: After 3 Months it will 
want 6 Hours: After 6 Months it will want 12 Hours, or be at the Solar 
Midnight, when it is at the Sidereal Noon; and this is the Reaſon, Why 
the Stars near the Sun (which any Day at Noon would be viſible about the 
Sun, if it was totally eclipſed; but are inviſible, becauſe their Light is ſwal- 
low'd up in his) after 6 Months will be viſible at Midnight. After g 
Months, the Hour-Index will want 18 Hours of pointing to the Sun; and 
after 12 Months, or one annual Revolution of the Earth, it wants 24 
Hours, or nothing ; that is, one Day is loſt, which the Sidereal Year wants 
of the Solar Year ; this Day being made up of all the Differences, or 360 
times 4 Minutes; but more exactly, 365 times 3 Minutes and 56 Se- 
ond. 15 a V;; 


Sixtbly, Bring back the Earth to the firſt Degree of Capricorn, take off 
the Solar Ray, and ſtick a little Index into the Sun in the Hole, which 
it has to repreſent one of the Spots, which have ſhewn us the Time of its. 
Revolution round its Axis. Unlock the annual Motion, and ſet this new 
Solar Index towards the Meridian of London, or the Hour-Index at XII. 
Atter 25 Furns and +, the Solar Index will be come about and point to 
| the Center of the Earth; but the Meridian of London and Hour-Index; 
3 Which is in the Plane of it, will be got beyond XII quite to VI. This. 
| | ſhews the abſolute Time of the Sun's Revolution round its Axis. Place 
every thing as before, then put on the annual Motion, obſerving, that as 
the Solar Index points to the Center of the Earth, it points alſo to the 
firſt Degree of Capricorn. Turn the Handle 25 4 times, and you will find 
that the Solar Index does not yet point to the Center of the Earth, (tho? 
by pointing to the firſt Degree of Capricorn, which the Earth has now 
left, the Sun appears to have made one entire Revolution about its Axis) 
but it requires near two Turns of the Handle ro make it do ſo: This is 
the Reaſon, why Aſtronomers, who did not believe the Motion of the 
Earth, in obſerving a Solar Spot, reckened one Revolution of the Sun 
Found its Axis, when the Spot was ſeen from the Earth in the ſame Part 
ef the Sun's Diſk, as it had been obſerv'd at firſt ; and. ſo affirm'd that 
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the Suri was about 27 Days turning om its Axis; when that Revolution is 7 | 
but apparent, the real Revolution being ended two Days before. Es | ö 


' Seventhly, Take out the Pin or Index from the Sun's Surface, b: ing | 4 
back the Earth to the firſt Degree of Capricorn, and unlock the annual (i 
Motion. 'Fhen on the Moon's Orbit a % c fix the Moon's Stem, and pur 

on the Moon e d, which is repreſented by a little Silver Ball, whoſe Dia- Plate 325 
meter is Iths of that of the Ball repreſenting the Barth, (according to | 
the true Proportion of thoſe Bodies in Nature) having one Side plain, to 
repreſent that Side of the Moon, which we always ſee, and the other Side 
graved to repreſent that Side of the Moon, which is never ſeen from the 
Earth, Set the plain Side of the Moon towards the Earth, the Body of 

it being placed exactly between the Sun and the Earth, as in the Time of 
the New-moon ; then turn-the Handle. You will obſerve ; firſt,- that 27 | 

Furns 5, will carry the Moon quite round its Orbit, and bring it back to 5 | 
the ſame Place again, which ſhews the Moon's Period is 27 Days and — 
near 8 Hours; ſecondly, that the ſame Side of the Moon is always turn'd- 

towards the Earth, the graved Hemiſphere of the Ball being always averſe 
from it; thirdly, that the Moon turns only once about its Axis, whilſt it 
makes one Revolution round the Earth; and fourthly, that the Periodical: 
Month would be the ſame as the Synodical, if the Earth had no annual 
Motion; that is, the Revolution of the Moon, counting its Beginning 
from the New or Full- moon, would not end till the next New or Full- 
moon: Whereas in Nature, the Period of the Moon (or periodical Month) 
is perform'd in ſomething leſs. than 27 Days and z; but the ſynodical 
Month, or Time from New- moon to the. next New-moon, or from Full- 
moon to the next Full- moon, takes up the Time of about 2y 4 Days: Be- 

_ cauſe, in the Time of one Revolution, the Earth is carried on ſo far in the 
Ecliptick, that when the Moon has compleated its Period round the Earth, 
it is no longer in a Line with the Center of the Earth and Sun; but muſt 
move on ſtill in its Orbit above 2 Days, to be in a Line with. the Sun and 
Earth. This is eaſily ſnewn by the Machine. For if you bring the Earth 
to the firſt Degree of Capricorn, and place the Moon between the Earth 
and Sun; and, havingput on the annual Motion, turn the Handle 274 times, 

che Earth will be got om fo far in the Ecliptick, that the Moon (tho? it has 
compleated its Period) is not yet in a Line with the Sun; but if you hold a- 
String over the Center of the Moon and Earth, and another over the Cen- 
ter of the Sun and the firſt Degree of Capricorn (which Line the Earth and- 
Moon did ſet out from) you would find thoſe two Strings to be parallel, which - 
ſne ws that the Moon has really finiſhed its Period; tho it does not ſeem to 
have done ſo in reſpect of the Sun. But if you give the Handle a little a 
more than two Turns, you will finifh the ſynodical Month, by bringing the: | Þ 
Moon again between the Sun and Earth: And the Earth's Place on the Yn” 
Ecliptick, will ſhew that it has advanced 29 Days and an half, 


2 1 Eigbby, 
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Biglrbp, Bring back the Earth te the firſt Degree of Cane. and hav- 
ing put on the black Cap, which belongs to the Moon, with its convex 
Side oppoſite to the Sun as at e, bring the Moon between the Earth 
and Sun; that is, to the Place of New- moon: Then turning the Handle 
all the Phaſes of the Moon will be given ſucceſſively, as they happen, 

whilſt the Moon going round the Earth in its Orbit, is alſo eatried round 
the Sun, together with the Earth. For, firit,- the black Cap repreſenting 

the ſhadowed Part of the Earth, does wholly cover all the white Hemi- 
ſphere of che Moon, which is turned towards the Earth, thereby ſhewing - 
how the Ne- moon comes to be inviſible to us; then after a few Turns 3 
of the Handle, you may perceive, that a ſmall Part of the white Hemi- 
ſphere is come from under che Cap (that is, out of the Shadow): > Og 
a Creſcent, and as you go on, you ſee the firſt Quarter; the Half- moon 
after Turns, and ſtill more and more comes from —_ the Cap, till 
14 Turns and 3 makes the | Phanomenor of ull-moon, when the white 
Hemiſphere is come quite out of the Cap, and the Earth is between the 
Sun and Moon. As you turn on, the Phaſes of the Moon gradually de- 
creaſe till you come to have New- moon again. And now all the above- 


mention'd Phenomena, * be ſeen at the ame ere as it nden in the | 
Heavens. . pi be ; 


 Nintbly, Take off the Sun, 104 in the Place-of i it, As the ee — 
langing to the Planetarium, which has two convex Glaſſes (without which 
we could not have the Rays parallel, converging, or diverging, with ſuffici- 
ent Splendor) to ſhew how the Earth and Moon are enlightened by the Sun, 
together with the Phenomena of Eclipſes. Let the Room be made dark, 
and then you will tee the Fhæenomena of Day and Nigbt, and the Seaſons 
and Phaſes of the Moon above: mentioned, very plainly, without either the 
ſolar Horizon, or Moon's black Cap, which were only made uſe of, when 
we could not compare Light and Darkneſs. 
By making uſe of the bigger Earth, with Pins properly fixed for (th 
bitants, you may plainly fee what Geographers ſay concerning the Inhabi- 
tants of the Earth, in reſpect of their Shadows, as they call them Aſcii, 
Ampbiſcii, and Heteraſcii; you will alſo the better compare together the Days 
and Seaſons of the Antæci, Periæci, and Antipodes: as likewiſe (when you 
uſe the Ivory Earth, with its Silver Horizon) you ſee plainly how the Sun 
appears to riſe above our Horizon and ſet below it, with or without Ampli- 
tude, real Rays of Light now performing what the Solar Rays of Braſs: 
Wire did before but imitate. There is alſo a Contrivance of a Silver Plate, 
to put upon any Place of the Surface of the Earth, parallel to the moveable 
Horizon, above- mention'd, and which turns along with it, to ſhew the Dit- 
tiaction between the ſenſible and rational Horizon of a Place; bur at 
the ſame time to make it appear, that the Sun's immenſe Diſtance makes 


them ſo nearly co-incide, that the riſing and ſetting is the ſame at the ſame 
Moment in N to both. 


* 


Ihe Neg 


The Moon's ſecondary Light (that is, the Light, Which being reflected 
from the Earth, gives the dark Part of the Moon's Hemiſphere, which is 


turn'd towards the Earth, ſuch a faint Illumination as we receive from the 


Moon) whereby in ferene Weather, at the Time of the Moon's Creſcent 
or Wane, we ſee the remaining Part of the Moon's Diſk of a dun Co- 


jour (nay and ſometimes ſee the whole Moon itfelf at the very Time of 


the .New-moon) is very well ſhewn here by the Light of the Lantern 
as alſo how it is, that the Earth in its Turn, becomes a Moon to the 


Moon. 


In order to ſhew the Pen of Eclipſes 3 firſt, put on the little 


Earth, the Moon being on its Stem, and the Lantern in its Place, and you 
will obſerve, how the Moon in paſſing between the Sun and the Earth, 
throws its Shadow upon ſome Part of the Earth, whole Inhabitants have a 
total Eclipſe of the Sun in thoſe Places, which the Shadow paſſes over, and 
a partial one in the Penumbra, or near the Shadow. When the Moon be- 


ing Full, paſſes on the other Side of the Earth, ſo as to Joſe her Light | 


by the Interpoſition of the Earth's Body; that is, as ſhe goes through 
"n Shadow. of the Earth, there is a tctal Eclipſe of the Moon, which. 
all the Time of its Duration is ſeen by all the Inhabitants of that He- 
miſphere of the Earth, which is towards the Moon at that Time.. Now, 
tho this Poſition of the Planetarium does ſhew what a Solar and a Lunar 


- Eclipſe is, it does not repreſent what really happens in regard to the Time 


of Eclipſes; for it ſhews an Eclipſe every New and Full- moon, whereas 

we ſeldom have more than four Eclipſes in a whole Year, and ſometimes 

not ſo many. The Reaſon is, that tho? the artificial Earth and Moon on 
the Machine, do bear a. juſt Proportion to one another, the Orbit of the 
Moon is 10 times leſs than it ought to be in Proportion to the Bodies: Be- 
ſides, the Orbit of the Moon is not in the ſame Plane with the Ecliptick, 
but makes an Angle of about 5 Degrees with eit; ſo that unleſs the Moon 
be in, or near, the Nodes (or the Places where the Moon's Orbit cuts the 
Plane of the Ecliptick) at the Time of Full or New- moon, there will be no 
Eclipſe; the Shadow of the Moon paſting northerly over, or ſoutherly un- 

der the Globe of the Earth at New. moon; and the Moon paſſing northerly. 
over, or ſoutherly under the Shadow of the Earth at Full- moon. Some 
of the Orrery- makers indeed have made the Moon rife and fall in its 
Courſe, in an Orbit properly inclined; and beſides, have made the 


Nodes of that Orbit move backwards, or in antecedentia (that is, from 


Faſt to Weſt). one Revolution in 19 Years, as it happens in Nature; but 


neither increaſing the Moon's Orbit, nor putting on ſmaller Balls for the- 
Moon and Earth, this Inconveniency of too frequent Eclipſes has not been 


avoided. Others to avoid it, have given the Moon's Orbit 3 or 4 times: 


a greater Inclination than it really has, deſtroying one Truth to explain 


another. | b | | | 

Now, in my Planetarium, I ſhew the true Inclination of the Moon's 
Orbit, the Motion of the Nodes, and true Magnitude of the Orbit, in 
; | | | reſpect 


U 
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reſpect of the Bodies, and conſequently the true Phenomena, relating to the 
Time and Quantity of the Eclipſes, by making the following Changes. 


| take off the Moon and Earth, and upon the filver'd Circle 12 : 


(which is divided into 19 Parts, corteſponding with 19 Years to ſhew the 
Motion of the Nodes) I fix upon Pillars an Orbit of fine gilt Wise, -pro- 
perly inclined with Nodes upon it, and two ſmall Moons, which, as well 
as a ſmall Earth, now to be put on, bear a juſt Proportion to the Bigneſs of 
the Orbit: And now by means of a little Piece of white Paper, held bebind 
the Earth at the Time of New- moon, the Shadows of the Earth and Moon 
ſhew whether there will be an Eclipſe of the Sun or not; if an Eclipſe, 
| Whether partial or total, of long or ſhort Duration, whether Northerly or 

Southerly ; likewiſe by holding a Paper behind the Moon at the Time of 


the n you may ſee whether there will be an Eclipſe of the Moon 
or not; and if an Eclipſe, of what kind, Sc. | | 


Tenthly, There are Parts to fix to the Planetarium, to ſhew what Pa- 
rallaxes are, and how they are to be obſerv'd; as the annual, menſtrual, 
and diurnal; making it very evident, how the Diſtances of the Sun, and 
that of the fix'd Stars, have been attempted, but not ſufficiently ſettled 
by thoſe Methods, but that of the Moon exactly diſcover'd. There is al- 
ſo a Contrivance to ſhew what is meant by the Longitude at Sea, which 
ſhews how it muſt be at laſt found by the Appulſes of the Moon to 
the fix'd Stars, when the Theory of the Moon comes to be perfectly 
WL 3 5 

I have alſo contrived an additional Part to ſhew a Celidography upon the 
Planetarium ;, that is, the Phenomena of the Spots of Venus, of Day and 
Night, and the Seaſons in that Planer, which {according to Signior Bian- 
chini's Diſcoveries) does in 24 Days and 8 Hours, turn round an Axis in- 
clin'd in an Angle of 15 Degrees, to the Plane of the Orbit of the Pla- 
net, that Axis always continuing parallel to itſelf. There is alſo a Wire 
to repreſent a perpendicular Solar Ray, and a Solar Horizon, to ſhew how 
ſenſible a Spiral the Sun muſt daily ſeem to move in to an Inhabitant of 

Venus. The Lantern alſo may be put on inſtead of the Sun, Wc. But 
I forbear fixing this additional Machine to my Planetarium, till other 


Aſtronomers Obſervations have confirm'd Signior Biancbini's new and great 
Diſcoveries. . 


Due Machine to ſhew mechanically, how Planets and Comets, by a Ray 
drawn from the Sun, deſcribe Areas proportionable to the Times, which I pro- 


mis'd in the ſixth Annotation to LeEt. 5 (Page 424,) preperly belongs to the 
Planetarium; therefore I chooſe to deſcribe it here. „ 
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ce Plan 49. Fig. „ ad Be. . 


The jth Figure repreſents the upper Surface of a Wooden- Frame, or 
Caſe of Clock-Work, held together by four Skrews. ET F V is a fil _ 

vered circular Plate, divided into 88 Parts (88 being the Number of Days 5 | 
of Mercury's periodical Time) with an Handle or Winch H G, and In- | 
dex GE. IKpPLM is a filvered oval-Plate, divided into the ſame 

Number of Parts as the Circular Plate, with a Channel or Groove in it, 
for the little Braſs Ball or Planet P to move in. S repreſents. the Sun in 
one of its Fact, L the Peribelion, and I the Aphelion. S O is an Index 
of Steel, which going thro* the Planet P, carties it in the elliptick 
Channel, with a Velocity reciprocally proportional to its Diſtance: from S. 
The Part S P of this Index, which is intercepted between the Sun and 
Planet, or S and P, repreſents the Radius Vector (already deſcribed) which 
continually becomes ſhorter, as the Planet goes from the Apbelion to the 
Peribelion, and lengthens gradually as the Planet goes from the Peribeli- 
on to the Aphelion, The Part PO of the Index, which goes beyond the 
Planet, and whoſe End O does here deſcribe the Circle OQR IN, is of 
no Conſequence in our Aſtronomical Conſideration. If a Planet (as for 
Example, Mercury) moved in a circular Orbit, concentrick with the Sun, 
it would not only deſcribe equal Areas in equal Times, but alſo equal 
Arcs; then by uniformly turning the Handle H, the End of the Inde 
at E would truly repreſent the Motion of ſuch a Planet, But if the Pla- 
net moves in an Ellipſe in one of whoſe Foci the Sun is, and the Peribe- 
lion be 6 times nearer than the Aphelionz the Planet ſetting out from the 
Aphelion I, will move in an accelerated Motion in the Direction I K, 
PL, and from L will come by M to I with a retarded Motion, and ſo 
in all its Revolutions continually change its Velocity, deſcribing equal 
Areas in equal Times, whoſe Equality is ſhewn, and proved in the fol- 
lowing Manner, The Planet P with its Index through it, being brought 
to I, fer the Index GE at E; then by means of the Handle H, carry 
on the Index 10 Degrees, or from E to T, and you will perceive at the 
ſame time, that the Planet in the Ellipſe will only go from I to K 3 4 

Diviſions, the Radius Vector having moved from 8 I to S K, where- 

by the Area SI K will be deſcribed. Then if the Planet be ſet at 
the Peribelion L (to which Place it will be brought by turning the 
Handle H till the Index comes to F) the Radius Vector on the Ellipſe 
will then be S L: And if the Index of the circular Plate which repre- 
ſents the Time of the Motion, be carried on from F (44 Degrees) te V 
(54 Degrees) the Planet will go from L the whole Arc L M, or 20 De- 

| grees, ſetting out 6 times faſter than it did at fuſt from I, the Radius 
Vector deſcribing the Area SLM, ſo much broader thanS I K, as SL 
is ſhorter than SI, which makes this laſt Area SE M equal to the for- 
mer Area SIK, and the Velocity of the Planet reciprocally as the Diſ- 4 
tance, If any intermediate Place be taken in the Curve of the Ellipſe ; as 

VOh- 4 Oo 1 for 
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for Example, the Point 2 whilſt the Index on the circular Plate moves 6 : 
Legrees, the Planet will go through the elliptical Arc p P, the n 
Fitter deſcribing the Area p SP equal to the former Areas. 

Now, to ſhew the Contrivance of the Machine, let us take off the op- 
per Board cf the Frame, as in Figure 8, where the circular and oval Plates, 
the Planet-Handle and the Indices, are only repreſented in pricked Lines 
to ſhew their Places. Under the Bar or Bridge VG, are two Ovals O 
and ON, moving each other about by means of a Cat-gut i in a Groove on 
their Edge, which Gut croſſes at K. Theſe Ovals have their Centers of 
Motion on their alternate Foci 8 and I. The Sun and Center of Motion of 
the Radius Vektor is fixed over 8S. Now if the Handle be placed at I the 
Center of the other Ellipſe N O, that Part of the Circumference of the 
Ellipſe QT, which touches the Circumference of the Ellipſe NO, is car- 
ried round with Velocities proportionable to the Diſtances from I, or to 
- the Length of the Lines I K, I 4, 15, 12, II, &c. which repreſent - 
'vnequal + Leavers. Now, in the preſent Situation repreſented by the 
Draught, the Velocity of the Planet P in Peribelio is greateſt of all; for 
S being equal to S K, P has the Velocity of the Point K, which is led 
by the longeſt Leaver IK. But when the Elkpſe NO has made half a 
Turn, the Ellipſe QT changes its Situation, its Point V coming to 5, 
where it is led by the Leaver I 1, fix times ſhorter than before, and the 
Planet having ſlipped along its Radius Vector, quite to its End, is over the 
Point J at its Apbelion,. where it has 3 times leſs. Velocity. The Reſt in 
relation to the different Situation of the Ovals may be eafily conceived 
by carefully obſerving the Figure. As for the two Wheels whoſe Numbers 
of Teeth are equal (no matter what the Numbers are) they are only mace 
-uſe of to keep the Circle and Oval on the Surface of the Machine (Fig. 7.) 
at a proper Diſtance, and to. give the Planet and the Index. of the circular 
Plate the ſame Direction, | 


N. B. The Ovals of Weed, and the Oval filvered Plate on the Machine, 
muſt te ſimilar; but they may be any kind of Ellipſes. I have taken one 
here, mare excentrick than any Planet's Orbit, only to make the Phæno- 
mena ihe more ſenſible; tho” not ſo excentrick as a Comet Orbit, N 

u ould have exceeded the Bounds of the Machins.. 
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Attraction of Coliefion Experimentof it with 
Dil of Oranges had Bae! Glaſs 
Planes W 


Fluids rides in ſmall Tubes of 


Glaſs, in Bread and Loaf Sugar - 21 
——— with coloured Spirit of Wine riſing be- 

tween two Glaſs Plates in the Figure of 

an Hyperbola 13 
proved by Experiments of Quickſilver 14 


Veſſel of Quickſilver, and likewiſe Silver 


Wire when its Surface is foul © Its. 


proved by the Practice of Soldering 16 


— makes Drops of Water . ib, 


its Laws ib. 
Attraction, magnetick 16, 40 
—————tlearick 17, 18, 19 
not an Occult Quality ＋ L Rar 
Arens borealis 31 


Axle in the Wheel, or Axis in Peritrocbio 106 


Experiment upon it 106 f 10g 
a farther Conſideration " * 123 133 

compounded 134 
——joined with a Screw . $5 

reduced to a Leaver "=: (07 


142, 194 
Monſ. Perraults new Axis in Peritrochio 
worſe than the common Sort, on account 
of the Friction of the Ropes 240, 241, 

242 
263, 26% 


1 
B 


Alance, being eher a Beam and Scales, 


or a Steelyard 95,96 
deceitful or falſe 99 
reduced to a Leaver = too 


———how to make a very exact Pair of Scales, 


140 


bow to ſuſpend its Beam 143, 144, 145 


may be falſe, even when the Brachia are 
equal 145 


ing obliquely upon it 146, 147,148, 149 
a particular Make of one, on which equal 
Weights make an Zquitibrium at une- 
qual Diſtances 151, 152 


Effect of an oblique Puſh of a Power 
152,153,154, ISS 


againſt its Beam 


how to eſtimate the Force of Wei ghts aQt- 


Balls of Lead obere r Arongly 16, — 
Battering Ram 
the Stroke of i it compared to the rar 


of a Cannon-Ball . 65,66 
its Action conſidered 342, 347 
Bigneſs of a Comet 365 
Body, when ſtruck, its Parts move towards 
the Blow 271, 272 


Bodies, their Particles in ſome Caſes repel 
| —of Iron Wire lying at the Bottom of 4 


one another 17 
their Weight on the Moon's Surface, 33 
their Weight proportionably greater on 
the Surface of ſmall Planets than large 
ones, conſidering the Quantity of Matter 

in thoſe Planets * 34 
—— inclined, do not fall when their Line of 
Direction goes thro? their Baſe 59, 60 
at Reſt, or in Motion, do not fall if 
their Center of Gravity be ſupported 6 0 


kept from falling by adding other 5e. 


dies to them 63 
rolling and ſliding on inclined Planes 90 
Bones of Animals reduced to Leavers, and 
the Manner that the Muſcles a& upon 
them, taken from BoxzLLi 158 zo 164 


Block, or Blocks 5 103 

Bow, or Spring, an Account of it 393 
: 10 397 

Brachia of a Balance: or Leaver 49-95 
lt +1141 7 


C Annon, the ARion of its Ball 3 
with that of a battering Ram 65, 66 
the Force exerted by the Power on the 
Breech of a 24 Pounder 436, 437 
Carriages, conſidered, and Experiments con- 
cerniag them | 200 10 239 
——with four Wheels more advantageous 
than with two 210-70 222 
Experiments to prove it 223, 224, 226 
——Corollanes frem thoſe Experiments 227 
to 239 

— new Sort to carry great Weights of 
Stone down- Hill, made uſe of by Mr. 
Allis at Bath, deſcribed 283 to 288. 
Caution to Perſons concerned in Engines 70,7 1 
Center of Motion 8 2 15 51 
Center of Gravity ib, 
——a mechanical Way of gading it 78 
3 mathematical Way of finding it 76 


— —ſome of its Properties 


Center of Gravity, where that of a Windmill, 
and that of a Crane muſt be placed 79 
———commonoftwo or more Bodies 54, 55,56 
—— of the Sun and Planets 5 
f a Load of Hay, or a Load of Iron 91 
of Oſcillation and of Percuſſion 383 
ho to find the Center of Oſcillation 173 
Centrifugal Force, what 
Centripetal Force, what 312, 313 
Chronometer, contrived by Mr. George Gra- 

bam, for meaſuring Time to the 16th 


Part of a Second 391, 392 


Cold and Heat, their Effect on the Rods of 
Pendulum | 391 
Coheſion, Attraction of 10 


Comet retrograde, deſtroys the Hypotheſis of 
Vortices 3 
may at length fall into the Sun 
about the Bigneſs of the Moon 15. 
Comets, a general Account of them 427, 


428, 429 


ir J Newton's Account of them 429 


to 436 


— a Ray drawn from the Sun, deſcribe 
5 Areas proportionable to the Times 464 
t0 456 
8 Engines 5 142 
Compound Motion of a Body acted upon at 
the ſame Time by two or more Forces 
129, 130, 295 1 299, and 390 
Cone, double rolling upwards $79-6 
Cranes | 124, 125, 12 
the Gibbets of them inconvenient in the 
common Way 
— Mir. 2 Cranes conſiderably improved 
187, 188, 189 
Cycloid, its Deſcription 387 
e g of a Pendulum i in it are iſochro- 
nal 388 
—— Experiments with eycloidal Channels 
388, 389 
Cycloids, with curved Baſes, or Epicycloids, 
ſome of their Properties 437, 438 
Cylinder loaded, fo as to roll up an inclined 


Plane by the Deſcent of its Center of 


Gravity $57, 79 to 85 
A further, Conſideration of its Properties 
| 84, 85, 86 


JEſireof Victory in Diſputes, hinders the 
Improvement of Natural Knowledge 


L,/2 


313. 


186 
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Diameters and Diſtances of the Planets 450, 


r 

Direction, Line of | he 
Diviſibility of Matter in Infonitum, but Matter 
not actually divided in Infinitum 4 
— Quantity, demonſtrated to be in fi 


nitum - 


Drop of Oil of Oranges riſing between twa 


Glaſs Planes 


11,,12 
——lix Properties of it 5 37 
Drops of Water made n by Attraction 

36, 37 


DuRility of Gold | NS; - 


KE 


Arth, higher at the Equator than to- 
F wards the Poles, and the 1 why it 
ougght to be ſo 91, 392 
Wan Experiment to illuſtrate * * 393 
the Earth's annual Motion proved by the 
Obſervations of the Rev. Mr. Bradley, 
Savilian Profeſſor of Aſtronomy at Ox- 
ford 401, 404 70 406 
the Earth's Figure not an oblong, but 
an oblate Spheroid 446, 447 


 Effluvia, thoſe of A e inconceivably 


ſmall . 28 
——— of Comets and Planets in the n 
Spaces exceeding rare 364 
very conſiderable in the Sun's FRY 
ſphere 16. 
Electricity 17, 18, 19 


proved by a rubbed Tube attradting and 
repelling Feathers and Leaf-Gold, both 

in the Air and in Vacuůs 20 
proved by an exhauſted Glaſs Globe giv- 
ing a purple Light when rubbed 21 

— ſeveral electrical Experiments by Mr. 


Stepben Gray 42, 44 


Engine, to raiſe Water by a gaining and a 


loſing Bucket 78 
Mr. Richard Newſham's, very conveni- 
ent and uſeful for extinguiſhing acciden- 
tal Fires 257 
——newly contrived to try and eſtimate the 
Strength of different Men, as alſo of dif- 
ferent Limbs in the ſame Man 291, 292 


F 
Aculties mechanical 92 
Flames of Spirit of Wine uſed in the 


Pyrometer 441 10 444 


Fly, 


fy, its ve . Application 
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25,256 
it adds nothing to the Force of the Pow- 


er, tho' it helps the Motion 256 


—oined to a Screw, for coining Money 


344. 345 
ho to calculate the Force of ſuch a 


Machine | 349 
Figure of the Earth 391, 392, 446, 447 


of a Portion of a Fluid cannot be altered 


by any 92 . from another external 


Fluid . 30 
Force, - centrifugal 312, 313 
| accelerating | e 32 

centripetal | 31, 313 
Experiments to explain thoſe Forces 313 

t 316 
—of Inactivity 293, 295. 
moving 33» 43 


Force of Men beſt applied in. rowing with 


Oars 257 


Avery ill applied in rowing with an hori- 


_ x.ontal Axis, having vertical Oars like 


the Spokes of a Wheel | ib. 


——very- great, when exerted by the Muſ- 
- cles that extend the Legs and Thighs 258 
compared bya new Contrivance 291, 292 


264 
of Men and Horſes con ſidered and com- 
pared 251 1% 258 


—— the ſame by Monſ. % la Hire; with Re- 
marks upon his Diſſertation 276 70 282 
—— Phileſophical Tranſa&ions quoted concern- 
ing the Diſpute about the Force of mov- 
ing Bodies 339 
of the Action of the Powder on the 


Breech of a Cannon ſhooting out a 24 - 
435, 436 


Pound Ball | 
Forces required to bend Ropes, &c. 239 70251 
Fridtion, makes Sealing-wax tranſparent . 42 
—— not ſufficiently conſidered by the com- 


mon Contrivers of Machines and En- 


gines 1 #39 
S — unavoidable 138, 139 
very ſmall in a Leaver 139 


— —how to be conſidered in a Balance 1 39, 


very great in Pullies 141, 142 
not very great in the Axis in Peritrochio 


| 142 

— not in the inclined Plane ibid 

yet very great in the Wedge and Screw 
. | 142, 143 


of five Men equal to that of one Horſe 


141 


Friction, of mechanical Engines, | 0 of 
Ropes, further conſidered. 190 ro 258 
——not according to the Quantity of the 
touching Surfaces, but of the Weights . 
preſſing them together in their Motion 


| 4892,19 
. ariſing Fra it 19 
—its Quantity in a great Beam drawn a- 

long the Ground # 193, 194 - 
how to find it in Guidgeons or Pivots 
194,195 


— I} been Engines 194, 195, 196 
Table of Friction of Sledges 203 


—— of Carts and Waggons - 223 
Friction of the Sheeves and Ropes of a Tackle 
of three 2246 60 249 


—— Quantity of Friction equal to about one- 
third of the Weight 


5 
-how to diminiſh it in Wheel 8 | 
N 259 261 
— -a Machine to ſhew how much it is on 
different Surfaces, and how to diminiſh it 
in the Axles of Wheels 261, 262, 263 
a more exact Method of calculating its 


Quantity 197, 198, 199 

| | G 
NTbbet of a Crane, Inconveniences of it 
in the common way - 186 
remedied by Mr. Padmote of Briſtol 187 
Gun-lock conſidered | 108 
Gun- powder, a ſmall Quantity of it will ſhake 
an Acre of Ground t 
its Action on the Breech of a 24 Pounder 
435, 436 
Gravity, Grevieation or Attraction defined 6 
not an occult Quality. 21 
Center of Gravity 3 oe GT 
a mechanical Way to find it 75 
— Va mathematical Way 76, 77, 78 


Center of it in a Crane, and in a Wind- 
mill 79 
in a Load of Hay, or a Load of Iron 91 
Gravity or Gravitation, from the Surface to 
the Center of a Planet, decreaſes directly 
as the Diſtance from the Center 35 


— —its Action on Planets and Comets to make 


their Motions regularly accelerated and 
retarded 155, 156, 157 
mutual between the Earth and its Parts 


7 435 
Gray, Mr. Stephen, * electrical Experimenis 


43: 44 
Hammer 
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Aer 3 

in its Uſe it is better t to double the 
Velocity with the fame Quantity of Mat- 

ter, than to double the Matter keeping 
the ſame Velocity, but the Reverſe in 


the Uſe of the Ram 406 to 418 

Heat, its Effect on Pendulums 383 
Quantity of its Effect on Metals to. dilate . 

+ them in their Dimenſions 441 70 

| 444+ 


walking 88, 89 
——draw with great Diſadvantage, walking 
in a ſmall Circle 252 
likewiſe going up Hill 
— beſt of all horizontally and in a ſtraight 


Line ib. 

— Strength of one Horſe, equal to that of 
five Men. 264 
Hyperbola, made with riſing Water between 
two Glaſs Planes, or Plates 13 
but in inverted. Order with Quickſilver 
| 40 

1 
ACK Ly: 


| Inclin'd Bodies Jo not fall, when their 
Line of DireQion. goes through their 


Baſe 59, 60 
Inclin'd Plane 


——its Manner of acting, and that of a 


Wedge ſolv'd by a bended Leaver 164, 


N 16 5, 166 
Iaclin'd Towers not falling | 60 
Inertia or Inactivity, its Force 293, 294. 
Infinites are not all equal "$7 230 


nſtruments in the common Uſe of Life redu- 
ced to Leavers of ſeveral kinds 


155. 

156 

Intenſity of a Power 50, 51 
Joice, a mrong Kemijh Man: 265 


L 


e Engliſh, — ſtronger than. 


French or Dutch 264 
Lamp, rolling 59 
Laws of Motion from Sir Jſaac Newton 293 


—— it Law explained and illuſtrated 293 70 


254; 


233 
Load of Iron, its Center of Gravity 


M 


110, 135 
Experiments upon it 1 
reduced to a Leaver 136 


% 


— Law explain'd, we. 324, to 366 

zd Law explained, c. 366 7 369 

3 applied to account for the Tides 3704 
3 to 378 


Leader, its ſeveral Kinds 100, 101, 124 
——homodromous and heterodromous 


155 

— —ſeveral Experiments upon it 101, 102 
bended 162 
Length of a Pendulum to ſwing Seconds 
393 


Light, its Reſiſtance 


1 
8 05 . | —— its Denſity decreaſes,. as the Squares of 
Horſes, a mechanical Conſideration of their 


the Diſtances of the enlighten'd Bodies 
increaſe 35 
is repell'd by Glaſs and pier Bodies 4r 
Line, parabolical © 301 
of Direction 74 
I 
Load-ſtone, well conſider'd by Dr. Petrus = 
Muſchenbroek - 41 


M 


Achine, to ſhew whether the Friction. 
depends upon the Quantity of Surface 
rubbing, or the Quantity of the Weight 
prefling the Surfaces together, as alſo 
how to diminiſh it inthe Axes of Wheels, 
Oc. | 261, 262, 263 
called a Pyrometer 439, 440, 441 
a new. one to try the Strength of Men 
291, 292 

newly contrived by the Author, to ſhew 
mechanically, how Comets and Planets, 
by a Ray drawn from the Sun, . deſcribe 


Areas proportional to the Time 458 r 
—— curious one. at Derby for winding Silk 
: | 71.72 
Maſs „ 
Matter, what 2 
in what Senſe underſtood by the Carte- 
fans 16. 


——— in all Bodies 


3 
——-diviſible,, but not actually divided, in 
infmitum 


4 
. —trac'd through the natural and artificial 


Changes of Bodies, and ſhewn to be the 
ſame in them all 22, 


| 23 
Va ſmall Quantity of it may fill the Sphere 


of Saturn 26, 27 
is divided into inconceiveable ſmall Parts 
| 28 


Matter,. 


wat — — — ENT REY 


. an: 


| e 
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Matter, leſs of it in the World than Vacuum 30, 
: ; 5 31 
———Subtile of the Carteflant, no Proof of a 
12 tho” its Exiltence were granted 


93, 94 
Mechanical Organs, Powers, or Faculties 92 


Powers all united in one Machine 128 
Men, their walking, mechanically confidered 
88, 8 

have but ſmall Force to draw a Barge, 
or to turn a Handle vertically, when it 

is at the Top, or at the Bottom of the 
Revolution 254 
Ware much help'd by a Fly in turning a 
Handle 256 
the Force of five equal to that of one 
_ Bore - | 264. 
the Force of Men and Horſes conſider'd 


according to the different Applications 


of it 251 70 258 
Monſ. % la Hire's Diſſertation on that 
Subject, conſidered 276 to 282 
Mediums, their Reſiſtance occaſionally con- 
ſider'd 350, 351 


Mercury, Reſiſtance of it 24 
AZ attradted a little by Glaſs, but very 


much by itſelf 39, 40 
———attraQs itſelf into a Hyperbola between 
two Glaſs Planes 40 
—ſeveral Experiments of its Attraction 
made by Dr. James furin 38, 39, 45 
Molecule, what 4 
Momentum, Quantity of Motion, and moving 
Force, the ſame 


45 
made up of the Maſs, multiplied into 


the Velocity 
——of falling Bodies propottionable to their 
Velocities, but not to the Height from 
which they fall 337, 338 
new and old Opinion about it compar'd 


411 


Moon, Weight of Bodies on its Surface 3 3 
——raiſes the Waters of the Sea where it is 


vertical, and alſo at the Antipodes of 


that Place 370, 371 


the AQtion of it conſidered n 


cally 3 
— — ObjeQions to that Doctrine e 


372, 373 


Motion, diſtinguiſh'd from Velocity 46 


Center of . 


efin'd in general and in particular 65 
2 E 


67 


Moving Force 


Motion, Quantity of it 5 


4 
—— compound, when a Body is ated upon 
by two, or more, Forces at once 129, 


130, 295 t 298, 398 


—— perpetual, ſhewn to be : impoſſible 183 

to 186 

its Laws, from Sir Iſaac Newton 293 

——an Experiment to illuſtrate compound 

Motion further, and at the ſame time re- 

move an ObjeQion made againſt the Mo- 
tion of the Earth 


300 
—— of a Cannon- Ball in a parabolick Line 


301 70 38 
af ProjeQiles applicd to the Moon's Mo- 
tion $02, 3T2 


Experiments to ſhew, that Gravity and 
the projeQile Force make the Planets 
continue their Motions in their Orbits 

318 7324 

Acceleration of Motion explained 174 


275.324 10 341 


f Bodies on inclined Planes and the 


Doctrine of Pendulums deduced from it 
339 70 341, and 379 to 385 


of its iſt Law explained 293 0 323 
2d Law explain'd 324 to 366 
zd Law explained 366 10379 


Laus of Motion and W applied to 
account for the Tides 369 7% 378 
33 
Mufchenbroek, Dr. Petrus wan, his e 
of the Attractions and Repulſions of 


. Load-ſtones 41 
Muſcles, acting upon the Bones to move them 
158 70 163 


— of the Arm, Biceps and Brachieus, their 
Force calculated 159 to 164 


——Extenſors of the Legs and Thighs, how 


to apply them moſt NAY 275 


N 
Eap-Tides ' 
New Terms ſhould always be ex 8 


New and old Opinion about the Force of 
moving Bodies 411 


— Proof of the New, viz. that the Momen- 


tum or Force is as the Maſs multiplied 


into the Velocity. by Experiments of 
a flat Pendulum, c. 412 70414 
Experiments ſeeming to diſprove, but 
wy confirming the New * 415 


3 


375, 376 


* 


| * 


— 
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Newham, his Engines very uſefal 257 
Newton, Sir T/aac, his way of demonſtrating 
the Operations of all the mechanical 
Powers by one Scheme 12970 131 
is Account of Comets 42970 435 


; 8 Bſervations of ſeveral fix'd Stars com- 


pared, proving the Motion of the Earth 


by the Rev. Mr. Bradley, Sawilian Pro- 


feſſor of Aſtronomy at Oxfard 40, to 406 


| Occult Qualities, not admitted in the Neto» 


nian Philoſophy 21,42 


Opinion, old and new about the Momentum 358 


Orange-Oil, a Drop of it moving between 


two Glaſs Plates or Planes 37 
ix Properties of it, as it Tiſes between 
thoſe Planes 


Orreries, Machines ſo called commonly very 
faulty, as they give falſe Ideas of ſeveral 
celeſtial Phenomena 451 

Oſcillation, Center of it, ſometimes the 
ſame as the Center of Percuſſion 383 

how to find it | - 173 

P 
Ail of Was is kept 8 falling by 
ſupporting its Center of Gravity, tho? 
the Stick that ſupport it would fall of 
itſelf 64 
Parabola, the Line in which Bodies projected 
horizontally, or obliquely, move 3o1, 


70 309 
Parabolical Motion of a Cannon. Ball 301, 


309 
Parallax, of the fixed Stars, not to be ob- 
ſerved accurately enough by Inſtruments 


402 
Pendulums, Motions of them deduced from 


the Motion of Bodies on inclined Planes 
239 7% 341, and 379 to 385 


their Rods lengthen and ſhorten by Heat 


and Cold | 39 
their true Length for Seconds 437 
_- 2 —Ppercuſhon, Center of it 383 


hy oblique and direct Percuſſions are 
miſtaken for one another 398 10 400 
Peritrochio, Axis in 106 
— | Monſ. Perraulꝭs new one worſe than in 

the common Way, on Account of the 


Friction of the Ropes 240 to 242 
the ſame further conſidered. 263, 264 
Vor. 5 ” 


periods of the Planets——See Plate 30. 


Perpetual Motion, impoſſible 
Perihelion | 
Piles, Rammer to drive them 
Plane, inclined 119 
Planets, their Motion in their Orbits ſwifter 
in the Perihelion, and flower in the 
_ Aphelion 3358 
— an' act their Motions to a rell. 
ing Medium 363 
———not carried round in corporeal Vortices 
406 70 408 
Planetarium, a new Machine for ſhowing the 
Motion and ſeveral Appearances of the 
| celeſtial Bodies 448 to 466 
—— thoſe Parts of it, which ſhew the gene- 
ral Syſtem, and the particular Syſtems 
of Jupiter and his Satellites, and Saturn 
and his Satellites, deſcribed 45 1 7 455 
— thoſe Parts of it, which ſhew the Mo- 
tions of the Earth and Moon about the 
Sun; the Eclipfes and all the reſpegive - 
Phznomena of thoſe three Bodies, de- 


184 to 186 | 


„ 455 #0 464 
Porters, at the Cuſtom-Houſe-Key carrying 
great Weights 274% 282 
in Turkey carrying more Weight than in 
England 264 to 273 
Power, deßaed | 50 


the Word improperly applied 132 
Powers, mechanical reduced to the Leaver 
132 

Preſſure, of two Bodies on the Axis of a fn 
gte Pulley, and alſo on the Axis of a 
double Pulley, or Axis in Peritrochio 171, 
172» 174 

ProjeQtiles, move in a Parabola 301 7 311 
the Laws of their Motion applied to 
that of the Moon 


| 311, 312 
— moving perpendicularly or obliquely 
upwards 335 70 337 
Pulley 103 
Pullies, upper and lower 104, 105 123 
———their Friction very great 141, 142 
combined 474 


—ackles of Four, Five, or Six 10 
the Friction of a Tackel of Three, = 

dne of Five calculated 246 10251 

Pyrometer, for meaſuring. the Effect of Heat 
and Cold upon Metals, tho* they ſhould 
only expand or contract in Length the 
20000 Part of an Inch 439, 440, 


441 
{ 1 


Qualities, 


15 
7 
7 
7 
1 
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1 
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1 
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QA ariſing from Friction 190. 258 


* 


£ 2 C5954 


þ 8 
4 


15 
& + 
a” 


AM, battering ; Stroke of it onipared 
to that of a. Cannon-Ball _ 47» Ge 
5 


——further conſidered 55 342 347 


Rammer to drive Piles 346, 347 
Rat-tailed Crane | 
Repulſion in Bodies 


7 5 
Reſiſtance, of Mercury, Water, Air, . 


and other Fluids 3 


——from the bending of Ropes, conſider'd 
and calculated 239 10 251 


of Mediums occaſionally conſidered 350, 
351 
—— of Water comgered with that of wow 


4 
reater than that of Lead in one Caſe 


420 


———greater than that of Wood, when acted 


upon by Gun powder 420, 421 
Rolling Bodies Ph go 
| Lamp 59 

Ropes, their Friction. 23979254 
EE ALE upon their Reſiſtance 24.3, 
244 

——running Rope $ 103 
the caſieſt was | of breaking a Rope 
. 270, 272 


9 how to make a very exact Pair 


140 70 146 
Screw 117 
— its Force calculated: 118, 119 


— great Friction 


119 
— 2 particular Advantage of it 120 
applied to Percuſſion. 121 

joined with a Wheel 124 


Thread of it, ſquare and ſharp, com- 
pared 125 


Scorpions (mechanical Engines) compared- 


with Cannons 72, 73, 182, 183 
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| Sealing Wax, made canſparen by Frition 


3375. 


— & 8 8 2 1 


| 0 
| | Simple Machines | 92 
Valities, occult, not admitted by the Sledges,. Experiments upon them 203 to 
Neautonians = S200 
Quantity, Demonſtration, of i its Diviſbility in Sliding Bodies on inclined Planes go 
© infinitum © 25 Sling | 345, 346 
Quickſilver attracts Quickſilver and Glaſs; Solſtitial Tides 357,378 
but it attraQs itſelf more than i it does Space of 189, 29 1,996, 583, 668; 465, 028 
_ Gab TE” 39 Miles, which a Power equal to the 
| | | Strength of one Man, muſt go through 
2 


to raiſe the Earth, but one Inch, accord 
ing to Archimedes's Problem Ge 


Space of Time for the Performance, if the 


ſaid Power moved as ſwift. as a Cannon- 
Ball, will be 26, 978, 123, 942, 460, 

Fears | 68, 
Spokes, of Wheels muſt be inclined to "the 
Naves „ "ob 
Spring and Neap Tides cauſed by the Action 
of the Sun and Moon, according to their 


different Poſitions | 375, 376 
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